VoL. 6 NOVEMBER, 1939 


Original Communications 


ANATOMY OF THE INGUINAL REGION 


A. Brazier BALtimore, Mbp. 
(From the Department of Anatomy, Johns Hopkins University) 


T IS probable that no teacher of gross anatomy is satisfied with the 

manner in which textbooks present the details of struetures concerned 
with the inguinal region. The region, however, is receiving an increas- 
ing amount of attention, and particular points have been discussed in 
recent years by several investigators. None of these authors, however, 
consider the comparative anatomy or the stresses involved. 

Concerned with the anatomy of the inguinal region are the lateral 
abdominal musculature and adjacent fasciae, both external (Searpa’s) 
and internal (transversalis) sheets, together with the derivatives and 
continuations of these, including inguinal ligament, reflex and lacunar 
ligaments, conjoined tendon and falx, and fascia lata; and sheath of the 
rectus, including the linea semicireularis. Some of these details, as the 
reflex and lacunar ligaments, are well understood, but in others the 
relationships are complex, the fasciae very variable, and the moot points 
to a considerable extent involve details that are not primary but have 
been secondarily developed in man by stresses that are difficult to inter- 
pret. Some of the features can be demonstrated only on young, vigor- 
ous bodies that are neither emaciated nor fat; to interpret the condi- 
tions, it is necessary to have recourse both to embryology and compara- 
tive anatomy. 

In the following pages are reported the results of investigations of 
the most controversial details in regard to this region. After listing 
each detail, I have summarized very briefly the statements regarding it 
as expressed by the four textbooks and one atlas most frequently used 
by regular students of anatomy. 

In the textbooks there is frequent reference to fusion of abdominal 
layers. The structures of the abdominal wall are developed from a 
single mass of mesoderm, which splits in various ways into muscular, 
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aponeurotie, or fascial layers, so that the parts that we usually consider 
as fused really have remained undivided. Thus, the sheath of the rectus 
is not formed by the fusion of the aponeuroses of the lateral abdominal 
musculature, but is made of toughened fascia upon which the lateral 
aponeuroses insert. 

The splitting of the lateral abdominal musculature into three layers 
is probably not fundamental. Together they are a condensation into 
muscle of the mesoderm that terminates ventrally in the rectus ab- 
dominis primordium. The latter develops a fascial envelope of its own. 
In some reptiles and amphibians there are four layers of lateral mus- 
culature, and transverse sections of some human embryos show a par- 
tial splitting of the external oblique into two layers. Just after these 
layers become defined in the embryo, there is rather clear indication 
that the external oblique constitutes one basic stratum and the internal 
oblique and transversus abdominis together, a second stratum. Com- 
parative anatomy also suggests the fundamental separation of the ab- 
dominal musculature into two primary strata. 

In the superior part of the abdomen the three abdominal layers be- 
have as is described customarily for the adult: the external oblique, or 
its aponeurosis, passes to the superficial surface of the rectus; the trans- 
versus abdominis, to the deep surface; while the internal oblique splits 
to straddle the rectus. These layers thus insert upon the sheath of 
the rectus. 

In the inferior part of the abdomen, however, the condition is differ- 
ent. The external oblique still passes superficial to the rectus, but the 
other two layers cease at the lateral border of the fascial envelope of 
the rectus. Thus, it is indicated that these two layers do not continue 
superficial to the rectus, and that the sheath of the rectus at this point 
is not formed by the fused aponeuroses of all three layers; but rather 
that the internal oblique and transversus abdominis are inserted upon 
the lateral part of the sheath of the rectus. 

Experience has showed that it is not possible to dissect the inguinal 
region of a number of the lower mammals and thereby acquire a per- 
feet chronological picture of the details, with regular transition from 
the lower to the higher forms. Doubtless the reason for this fact is that 
the items involved are largely the results of particular stresses and that 
these vary from one sort of mammal to another. The same set of con- 
ditions appears hardly to be duplicated in any but very closely related 
groups. Thus, the situation in a squirrel is quite different from that 
in a rat or in a rabbit. It is possible, however, by dissecting a number 
of mammals, to gain reasonable opinions regarding the basic conditions. 
The following statements embody the beliefs that these dissections have 
caused me to adopt. 

As previously stated, there is strong evidence that fundamentally the 
external oblique comprises one layer that inserts upon the ventral sheath 
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of the rectus, and the internal oblique and transversus abdominis to- 
gether constitute another. At times this compound layer reaches the 
rectus in the superior abdomen in an undivided condition. At other 
times, it does divide, and the internal oblique may split to straddle the 
lateral margin of the rectus sheath (man); while still again (beaver), 
the transversus abdominis is the layer that straddles the rectus border. 
So the straddling of the rectus border by the internal oblique, as in man, 
is not in itself a fundamental condition. 

In most pronograde mammals, at least, the sharp angle of medial 
thigh with abdomen in the posture habitually adopted predisposes to 
some sort of strengthening inguinal band. This is also true of ortho- 
grade mammals of considerable weight, because of other stresses. 
Whether for these hypothetical reasons or some other, in at least some 
small, subadult male monkeys (Macacus), no definable inguinal band 
is present. In them there were two fascial layers crossing the inguinal 
line, one continued from the external oblique and the other from the 
internal oblique and transversus abdominis together. The two were 
easily separable with the probe and continued down the medial thigh as 
the homologue of a fascia lata, but were quite delicate. Beneath them 
the transversalis fascia also continued, but to form the subinguinal por- 
tions of the iliopsoas and femoral sheaths. It is believed that in these 
monkeys the transversalis fascia did not contribute to the fascia lata, but 
of this I could not be certain because of the delicacy of the tissue. How- 
ever, there was very tender anchorage of the deeper layer, and hence 
probably of the transversalis fascia, to the innominate between the 
iliopsoas and femoral sheaths. In some other mammals (as the cat) the 
internal layer (internal oblique and transversus abdominis) appeared to 
fuse in the subinguinal region with the transversalis fascia to form the 
iliopsoas and femoral sheaths. In rodents there appears to be a tendency 
for the two basic abdominal layers to form two separable, strengthened 
inguinal arches, ligamentous in nature, arching over iliopsoas and fem- 
oral vessels, but with some delicate attachment to the innominate between. 

Parts of the tela subeutanea of interest in the present connection are 
the fasciae of Searpa, Colles, superficial fascia of the penis, tunica dartos 
of the scrotum, and fascia lata. 

Scarpa’s fascia, as textbooks agree, is the membranous deeper part of 
the tela subeutanea in the lower abdomen. It is of variable definition, 
however, and need not be the deepest part of the superficial fascia, for 
not infrequently there is considerable fat deep to it. Furthermore, in 
selected individuals it may occur in more than one layer, as may any 
fascia of considerable strength. It is anchored to the midline and con- 
tributes to the inguinal ligament, where it is fused to underlying tissue, 
as well as to the fascia lata, and continues onto the perineum as Colles’ 
fascia. 
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Colles’ fascia is said by the textbooks to be a direct continuation onto 
the perineum of Searpa’s fascia, anchored to the inferior ramus of the 
pubis and to the free border of the trigonum urogenitale, not continuing 
into the ischiorectal fossa. Gallaudet (1931) and Anson and MeVay 
(1938) have stated that it does so continue, and furthermore, that deep 
to it is the inferior perineal fascia, a continuation upon the perineum of 
the innominate fascia of Gallaudet (fascia of the obliquus externus ab- 
dominis). The fasciae of the perineum, exclusive of the tela adiposa, per- 
haps consist fundamentally of three layers: (a) a continuation into this 
region of Searpa’s fascia (Colles’ fascia) ; (b) the fascial continuation of 
the external oblique layer, which, upon the spermatie cord, becomes the 
external spermatic fascia; and (¢) the fascial continuation of the in- 
ternal oblique and transversus abdominis together, which, upon the 
spermatic cord, becomes the cremasteric fascia. The facility with which 
these three layers of fasciae may be detected is individually very variable 
and is difficult at best. The important point is that all three layers are 
theoretically present and all three act together as a unit in directing the 
course of extravasated fluid beneath them. 

Superficial Fascia of the Penis—tThis is confusingly treated by text- 
books. At times it is called fascia penis, while again the latter term is 
applied to the deep fascia of the penis, and sometimes it is stated to be 
a continuation of Searpa’s fascia alone. In selected individuals, at least, 
it ean be demonstrated that it represents the entire tela subcutanea, 
which in this situation is devoid of fat. Whether it may be considered as 
including also fasciae from the abdominal muscle layers remains to be 
demonstrated. An alternate term that is permissible is tunica dartos of 
the penis. 

Tunica Dartos of the Scrotum.—This represents a continuation onto 
the scrotum of (a) the tela adiposa, but here usually devoid of fat; (b) 
Searpa’s and Colles’ fasciae ; (¢) the external oblique fascia; and (d) the 
fascia of the internal oblique and transversus abdominis together, the 
four usually being inextricably blended. It is probable, although as yet 
unproved to my satisfaction, that a and b together line the scrotal sae, 
and that ¢ and d provide separate pockets for the individual testes, thus 
forming the septum of the scrotum. 

Fascia lata is a compound sheet formed by the fusion in various de- 
grees of the continuations of Searpa’s fascia, external oblique fascia, and 
the fascia from internal oblique and transversus together, to a minor 
extent the transversalis fascia by means of its continuing iliopsoas fascia, 
and in particular instances at least, it comprises contribution from the 
deep fascia of the thigh muscles. It encloses the tensor fasciae latae and 
sartorius muscles and frequently may be separated into irregular layers. 

Buck’s fascia, or the deep fascia of the penis, is treated very unsatis- 
factorily by the textbooks and, if described at all, is usually stated to be 
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a continuation of Searpa’s or Colles’ fasciae. It is the tough, dense cover- 
ing of the three corpora cavernosa and is a purely local development. 


Sheath of the Rectus.—Regularly the sheath of the rectus is regarded 
as formed by fusion of the aponeuroses of the abdominal muscles, and as 
complete, dorsally and ventrally, only as far as the linea semicireularis, 
inferior to which the dorsal part of the sheath is lacking. The sheath of 
the rectus, however, is what its name implies. Upon it the aponeuroses of 
the abdominal muscles insert, and it is complete inferiorly as well as 
superiorly, although it differs in strength locally. The sheath has three 
portions: a costal part, suspended chiefly between the inferior margins 
of the thorax; a mesogastrie part; and a hypogastrie or interilial part. 
In the costal part the sheath is anchored to bone, or cartilage, along both 
margins, and both dorsal and ventral parts are strong. The latter is also 
the case in the mesogastrie part, because the abdominal muscles insert 
upon both the dorsal and ventral surfaces of the sheath. In the hypo- 
gastric part, however, the abdominal muscles do not insert upon the 
dorsal sheath, which here is mueh weaker, all strengthening tissue pass- 
ing between the two ilia (and inguinal ligaments) upon the ventral sur- 
face of the sheath. 

Linea Semicircularis—The semicireular line is regularly deseribed as 
the inferior termination of the dorsal part of the sheath of the rectus, 
where the aponeurosis of the transversus abdominis and half that of the 
internal oblique abruptly shift to the ventral surface of the sheath ; while 
below this line, the rectus is covered dorsally only by the fascia trans- 
versalis. The linea semicireularis is merely a strengthened band of con- 
nective tissue that stretches in a curved line from the linea alba toward 
the lateral end of the inguinal ligament. Its position, when present, is 
variable. Chouke (1935) said that it may be found anywhere from 0.25 
to 4.25 inches inferior to the umbilicus. The situation, however, appears 
usually to be about 2 inches below the umbilicus. Often the semicireular 
line cannot be detected, and very frequently indeed it is definable only 
after careful work with the probe. Occasionally two dim lineae semi- 
cireulares are faintly suggested, one inferior to the other. Solger (1951) 
stated that this accessory line is most frequently present in heavy work- 
ers and in multiparas. 

The linea semicireularis merely marks the abrupt change in toughness 
of the dorsal sheath of the rectus, and the connective tissue layer always 
stretches inferiorly from the linea as an uninterrupted and unbroken, 
although often exceedingly thin, sheet of fascia. In cases in which the 
linea is not well defined there is merely a gradual diminution inferiorly 
in the strength of the deep sheath of the rectus, and in many instances, 
even this weakening is not pronounced. Henee it is believed, as indeed 
Solger suggested, that the change in the character of the dorsal or deep 
sheath of the rectus at the linea semicireularis, where this occurs, is in- 
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duced by particular interiliae stresses and a diminution, or at least 
change in character, of those stresses inferior to the linea. 

Lateral Abdominal Muscles.—All three layers of abdominal muscles in- 
sert upon the sheath of the rectus, and all three blend with the inguinal 
ligament for its entire length. From one viewpoint the obliquus externus 
abdominis may be thought of as a fundamental layer composed of mus- 
cle, aponeurosis, and fascia. The aponeurosis is attached medially to the 
sheath of the rectus and to the pubis. Inferolaterally the aponeurosis 
increases in toughness in a line between the ilium and pubis (inguinal 
ligament), where it is fused with the layers next superficial and deep, 
and more inferiorly contributes to the formation of the fascia lata. The 
aponeurosis splits to form the external inguinal ring. Just as this layer 
contributes to the fascia lata, so does its fascia continue along the sper- 
matic cord as the external spermatic fascia, upon the perineum deep to 
Colles’ fascia, and undoubtedly upon penis and scrotum as indistinguish- 
able deeper parts of the tunica dartos of these regions. This fascial con- 
tinuation from the external oblique has been regarded by Gallaudet 
(1931) and Anson and MeVay (1938) as a fascia (innominate fascia) 
which in the pubie region occurs between Scarpa’s fascia and the deep 
fascia of the external oblique muscle. Actually it definitely appears to 
be the latter. 

Frequently in the inferior abdomen and not infrequently in the meso- 
gastric region, obliquus internus and transversus abdominis remain un- 
divided for some distance lateral to the sheath of the rectus, and this 
undivided part constitutes the conjoined tendon. The two layers to- 
gether contribute cremasteric fascia and cremaster muscle to the sper- 
matie cord, although in most cadavers the eremaster receives muscle 
fibers from the internal oblique only. This inner fundamental layer also 
contributes to the fascia lata and apparently to the deeper parts of the 
fascia of the perineum and of the tunica dartos of penis and scrotum as 
well, although the continuity is difficult to follow. 

In the superior part of the abdomen of man, the aponeurosis of the 
internal oblique usually splits to straddle the rectus sheath, but often 
this is not detectable in the umbilical region. Inferiorly the insertion is 
definitely upon the ventral sheath of the rectus in those cases in which 
there is no conjoined tendon or when the muscle fibers extend farther 
medially than the border of the rectus. The thickest part of the muscle 
is adjacent to the ilium, while inferior to that level it becomes weaker. 
Muscle fibers arise usually from the lateral part of the inguinal ligament 
only, but more medially there is fascial attachment to the inguinal liga- 
ment; or more properly speaking, this layer contributes a fascia to the 
formation of the ligament. When strongly developed and when separable 
at this point from the transversus abdominis (i.e., in the absence of a 
conjoined tendon), this part of the internal oblique forms above the 
spermatic cord an aponeurotic arch, the medial part of which constitutes 
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the falx, and from this arch the cremasterie fascia continues down the 
cord. When weakly developed, the arch is difficult to define. 


Perhaps every teacher of gross anatomy has frequently noted diver- 
gent muscle slips of the internal oblique in the vicinity of the ilium. 
Chouke (1935), ealling them the accessory internal oblique, appears to 
have been the first to indicate that these slips are of fairly regular form 
and usual occurrence. He described the accessory muscle as between the 
internal oblique and transversus abdominis (Figs. 1 and 2), and as pres- 
ent on both sides in 85 out of 136 cadavers, questionably so in 12 more, 
and on one side of all except 4 of the remainder. Certainly it is not de- 
tectable as a separate slip in such a large proportion of the cadavers 
(more than half of them negroes) used at Johns Hopkins University, nor 
does it occur always internal to the main part of the internal oblique. 


M. obliquus intern. Aponauresie 
M.transversus abdom. obliquus extern. 
M. obliquus intern. (ut and 

accessorius Teftected) 
Line of m. rectus 


A. and v. 
circumftexa 
profunda 


N. ilioinguinal 
M. obliquus intern! 
(cut) 


inguinalis 


Fig. 


1.—Obliquus externus completely reflected and obliquus internus partially re- 
flected to show position of the obliquus internus accessorius muscle. 


The fact of chief significance is that in man there is an added stress in 
this region, as is indicated by a thickening of the part of the internal 
oblique arising from the anterior spines of the ilium and the lateral part 
of the inguinal ligament; hence, at the point of interiliae stress through 
the linea semicireularis. At its maximum this results in a separable slip 
of muscle, between 1 and 2 inches wide, usually upon the internal, but 
at times upon the external, surface of the internal oblique. When in the 
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former situation it is separated from the internal oblique by branches of 
iliohypogastri¢ nerve and of the deep circumflex vessels. One may clearly 
see that the tension of this accessory slip is in a line that curves toward 
the symphysis, ending not at the midline but at the lateral margin of 
the origin of rectus abdominis muscle. It seems not unlikely that this 
muscle, or the stress that produced it, is an exclusively human feature in 
process of development, because of the erect posture, for strengthening 
the lower abdominal wall. It is interesting to note that its inferior 
border lies directly superior to the area of the weak spot of Hesselbach’s 
triangle. It and the linea semicireularis provide two crossed, strengthen- 
ing bands as shown in Fig. 2. 

Line of tension— 

linea semicircularis 


M. rectus abdom. 


M. obliquus intern. 
accessorius 


Inguinal ligament 


Fig. 2.—The obliquus internus accessorius muscle, showing its line of tension in 
tension through the linea semicircularis. Overlying 

Superiorly the aponeurosis of the transversus abdominis inserts upon 
the deep sheath of the rectus, but inferiorly upon its lateral border when 
conjoined tendon is absent. Near the inguinal ligament the transversus 
abdominis resembles the internal oblique, with muscle fibers arising from 
the lateral part of the ligament, with fascial attachment to the ligament 
for its entire length. But when the conjoined tendon is absent the part 
of the transversus abdominis arching over the cord is usually weaker than 
the falx and more closely adjoins the cord. It is the theoretically aponeu- 
rotie part of this layer medially adjacent to the spermatic cord that in 
reality forms the interfoveolar ligament, although in some cases the 
transversalis fascia contributes to it. 

Conjoined Tendon.—Textbooks usually define this as the inferior part 
of the fused aponeuroses of internal oblique and transversus abdominis, 
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and it is implied, if not stated, that it is always present. It should un- 
doubtedly be considered as any area of unseparated (fused) aponeurosis 
of internal oblique and transversus abdominis. As a matter of fact, these 
two layers very frequently are entirely separable practically to the 
sheath of the rectus, in which case the conjoined tendon should be con- 
sidered as absent. In extreme cases fusion occurs lateral to the internal 
inguinal ring. 

Falx Inguinalis—Used by most textbooks as an alternate term for 
conjoined tendon. The word falx means a sickle-shaped structure, and 
when the conjoined tendon is present the falx is accordingly that part of 
the conjoined tendon upon the superior and medial margin of the inter- 
nal inguinal ring. When the conjoined tendon is absent, it is seen that 
the falx is formed only by the transversus abdominis; but there is a 
great amount of individual variation in this feature. 

Hesselbach’s triangle, all books agree, is the area of the conjoined ten- 
don, or the two layers equivalent to it when the tendon is absent as such, 
bounded by the lateral border of the rectus abdominis, the inguinal liga- 
ment, and inferior epigastric vessels. 

Interfoveolar Ligament (or Ligament of Hesselbach).—There is much 
confusion regarding this structure. Textbooks regard it as a ligamentous 
band connecting falx with pubis between spermatic cord and the inferior 
epigastric artery ; as the border of the falx; as a part of the conjoined 
tendon; or as a thin band from the transversalis fascia to the lacunar 
ligament. The difficulty probably lies in the fact that it is an indefinite, 
highly variable structure. In selected subjects in which there is no con- 
joined tendon and in which this ligament is well developed, it is seen to 
be the part of the transversus abdominis layer medially adjacent to the 
spermatic cord as the latter passes through the internal inguinal ring. 
The transversalis fascia contributes to it to a variable extent, according 
to its definition and degree of connection with the transversus abdominis. 
When the conjoined tendon is present, Hesselbach’s ligament, when ree- 
ognizable, does appear to pass from the falx to the pubis medially ad- 
jacent to the cord. From a gross anatomical viewpoint it would be better 
to ignore this structure. 

Inguinal Ligament.—Textbooks are prone to consider this either as a 
structure to which are attached the abdominal muscles, or else as the 
inferior border of the external oblique. Actually it is a strengthened 
zone, caused by bending and other stresses, and resulting in the fusion 
along this line of Searpa’s fascia, the aponeurosis of the external oblique 
which is the strongest contributor, the layer formed by the internal ob- 
lique and transversus abdominis, together or separately, and the lateral 
part of the transversalis fascia which here becomes the iliopectineal 
fascia. Some of these contributions are tough and some very delicate, and 
the contributing layers continue onto the thigh as the fascia lata. 

Medially near the pubic end the fibers of the inguinal ligament fan 
out. Some of them spread toward the root of the penis; some toward the 
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linea alba, thus forming the reflex ligament in whole or in part; and 
others curve dorsally to form the lacunar, or Gimbernat’s, ligament upon 
the medial wall of the femoral ring. The reflected part is variable, with 
fibers sometimes stopping on the pubis, or again continuing superomedi- 
ally quite to the linea alba and decussating with fibers of the opposite 
side of the body ; but it is almost always present to some degree. To this 
structure the fibers of the inferior crus of the external inguinal ring con- 
tribute in varying amount. 

Transversalis Fascia.—There is considerable variation in the textbook 
definition of this fascia, the implication often being that it is a single 
layer of fascia between transversus abdominis muscle and the peri- 
toneum. Anson and MeVay considered it to be the deep fascia of the 
transversus abdominis muscle, but this is quite different. There appears 
to be but little question that the term transversalis fascia should be ap- 
plied to all connective tissue between the deep fascia of the transversus 
abdominis muscle and the peritoneum. It thus bears the same relation 
internally between muscles and peritoneum as the tela subeutanea does 
externally between muscles and skin. It varies locally in its definition 
and in the number of layers into which it may be divided. At some spots 
it fuses with the deep fascia of the transversus abdominis, iliacus, or 
other internal musculature, and at others merges with the fibrous layer 
of the peritoneum. The term transversalis fascia is regularly applied to 
the connective tissue between the rectus abdominis muscle, inferior to 
the linea semicircularis, and the peritoneum. But the tissue in this 
situation consists both of a thin sheet of rectus sheath and transversalis 
fascia, the latter not infrequently separable into more than one distinct 
layer. 

Upon careful examination it is seen that the transversalis fascia tends 
to increase in thickness in the neighborhood of the spermatic cord. Fibers 
from its more superficial surface follow down the cord to become the 
internal spermatic fascia; but fibers of its deeper surface also follow up 
the cord. Its fibers merge as well with the fascia covering iliacus and 
psoas muscles and other structures, and these coverings are merely part 
of the transversalis fascia. The part investing the iliopsoas continues 
over these muscles beneath the inguinal ligament, partly fused with the 
ligament there, becoming the iliopectineal fascia, and more inferiorly 
partly fused with the fascia lata. The transversalis fascia also con- 
tributes to the sheath of the femoral vessels. 
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THE ACTIVITY OF ISOLATED SEGMENTS OF THE COLON 
OF DOGS, WITH SPECIAL REFERENCE TO THE INFLUENCE 
OF CERTAIN DRUGS 


Roverr E. Reagan, M.D., Benton HaArpor, Micu., AND 
CHARLES B. Purstow, M.D., CHicaco, ILL. 
(From the Department of Surgery, University of Illinois, College of Medicine) 


RIOR to 1900 considerable study of the motility of the small in- 

testine was made, but very little investigative work was done on 
the colon. Since then, many excellent studies of the colon have revealed 
much information about its normal motility. However, in most experi- 
ments the animals were either anesthetized or balloons were placed in the 
lumen of the bowel. Thus, the animals were studied under abnormal 
physiologic conditions or the bowel was subjected to mechanical irrita- 
tion. 

To overcome these objections, isolated segments of the colon were 
transplanted to the abdominal wall where they could be observed under 
all conditions over long periods of time without the use of anesthesia 
or mechanical irritation. The dogs were prepared by isolating seg- 
ments from the upper, middle, and lower colon. Studies were directed 
toward the determination of normal movements of the dog’s colon in 
the fasting state and after feeding and the effect of the following drugs 
upon these movements: pitressin, morphine sulfate, atropine sulfate, 
prostigmin, 0.85 per cent sodium chloride, 20 per cent sodium chloride, 
and 50 per cent glucose. 

Magnus"! and later Alvarez! made valuable observations of intestinal 
motility by taking full-thickness strips from various parts of the intes- 
tinal tract and immersing them in Locke’s solution. The solution was 
kept at a constant temperature and was oxygenated. The rate of con- 
traction of the immersed strips was noted. Numerous drugs were 
added to the solution and the effect on the rate of contraction recorded. 
Alvarez found that the average rate of contraction of the duodenum 
was 15.3 per minute; of the jejunum, 13.3; of the upper ileum, 10.5; 
and of the colon, 6.8 per minute. From these observations he developed 
his gradient theory of intestinal motility. 

Jacobj,® in 1890, was the first to report antiperistaltice movements and 
these observations were confirmed by Cannon’ in 1901.  Fluoroseopie 
observations were carried out on the cat following a barium meal. 
Cannon states that antiperistaltic waves set in soon after food enters 
the colon and continue for periods of two to eight minutes at a rate of 
five waves per minute. After these have been occurring for some time, 
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serial sectioning of the contents begins and is followed by gentle knead- 
ing movements. Cannon describes very accurately the sudden mass 
movements of the column of bismuth which is then split up into a num- 
ber of equal segments. Within a few seconds each of these segments is 
again divided, and at times, these smaller segments are redivided so 
that every particle of food is brought into intimate contact with the 
intestinal wall. These segmental movements have nothing to do with 
the forward progress of food. Starling!’ states that the forward 
progress is caused by a true peristaltic contraction which involves con- 
traction of the intestine above the food mass and relaxation of the 
intestine below. To prove his theories he inserted balloons into the 
lumen of the exposed colon and found that by pinching the colon above 
the balloon an immediate relaxation of the muscle wall in the neigh- 
borhood of the balloon took place. He showed that stimulation at any 
point of the colon causes contraction above and relaxation below the 
point of stimulus. This reaction is termed by Bayliss and Starling* 
the ‘‘law of the intestine.”’ 

Considerable effort has been made to analyze various functions of 
the longitudinal and circular muscle layers. It is felt that only by 
a thorough understanding of the action of these layers could the above 
reaction be explained. Raiford and Mulinos,™ in 1934, devised a series 
of experiments in which they could record separately on a smoked 
drum the movements of the circular and longitudinal muscle layers. 
This was accomplished by exteriorizing isolated segments of colon 8 to 
10 em. in length, opening them longitudinally and, after excising an 
equal area of skin from the abdomen, suturing together the mucosal 
and skin edges. Continuity of the remaining bowel was re-established 
by end-to-end anastomosis. After a period of time it was found that 
mechanical stimuli, such as light stroking, would produce light contraec- 
tions of the longitudinal and circular layers. Clips were attached 
either longitudinally or transversely and connected with a recording 
mechanism. From these experiments they concluded that stimulation 
of the mucosa of the colon caused contraction of the longitudinal muscle 
at and below the point of stimulation but none above it, followed by 
contraction of the cireular muscle at and above the point of stimula- 
tion but none below. This dilates the bowel lumen below the stimulus 
and constricts it above, thus facilitating the downward passage of in- 
testinal contents. Raiford and Mulinos also observed that, following 
the ingestion of food, the colon transplant seemed more irritable, so that 
weaker mucosal stimuli elicited more powerful and lengthy contractions 
of the intestinal musculature. They concluded that the ‘‘law of the 
intestines’’ depended upon mucosal stimulation. 

Bareroft and Steggerda* studied the exteriorized cecum and proxi- 
mal colon not disconnected from the remaining intestine. In the fast- 
ing state they observed definite kneading contractions followed by 
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deeper contractions involving the whole cecum and progressing toward 
the ileocecal region. After several such contractions, a marked con- 
striction existed in the region of the ileocecal valve and remained for 
three to four minutes, resulting in considerable distention of the colon. 
Shortly thereafter, antiperistaltic waves appeared at the rate of five to 
seven per minute. The cecum then began to relax and deep kneading 
contractions progressed down the colon, stopping the antiperistaltic 
waves. They also observed deep, massive contractions originating in 
the ileoceeal region and passing slowly down the colon, forcing intes- 
tinal contents before them. Faint antiperistaltie waves preceded these 
contractions. Approximately fifteen minutes were usually required 
for a wave to travel the length of the exposed colon. Following feed- 
ing, pronounced contractions were noted first in the ileocecal region 
and were followed by antiperistaltie waves and later by kneading con- 
tractions. Similar series of contractions recurred repeatedly for per- 
haps ten minutes, the cecum during this time remaining inactive. 

Templeton and Lawson? studied the normal motility of the dog’s 
colon by the use of tandem balloons inserted through a cecostomy and 
into the anus. They observed three types of contractions: Type I, a 
rapid contraction which appeared on the tracing as a simple curve; 
Type II, a slower contraction surmounted by the more rapid Type I 
contractions ; and Type III, tone changes usually surmounted by Type 
II contractions. The relationship of these three types of contractions 
suggested that the larger contractions resulted from a summation ot 
the smaller. Rhythmie pulsations which were converted into waves 
appeared to be the fundamental activity of the dog’s colon. Certain 
differences were noted in the activity of the proximal and distal colon. 
High tone changes with periods of activity prevailed in the proximal 
colon. The distal colon showed only slight tone changes. They noted 
a reciprocal relationship between certain types of activity in the prox- 
imal and the distal colon. 

Larson and Bargen’® studied the motility of the isolated colon pre- 
pared by a two-stage procedure which united the terminal ileum to the 
distal sigmoid. The intervening colon, comprising all but a small dis- 
tal segment, remained within the abdominal cavity with a cecostomy 
and the proximal divided end of the sigmoid open on the surface of the 
abdomen. Motor function was studied by a tandem set of three bal- 
loons attached to water manometers, one balloon being in the eecum. 
one near the splenie flexure, and the third in the lower sigmoid. The 
colon was found normally to be practically quiescent and active only 
when definitely stimulated. ‘‘When movements took place they con- 
sisted mainly of three types of waves: (1) large tonus waves at the 
rate of six to eight an hour; (2) small tonus waves surmounting the 
large and coming at the rate of five to six in four minutes; and (3) 
short rapid contractions superimposed on the small tonus waves and 
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with a rate of eight to ten a minute. The latter were found almost en- 
tirely in the cecum and probably represent a mixing or churning type 
of movement which is usually present in this segment of bowel. The 
waves could not be followed with certainty from one end of the colon 
to the other although they seemed to travel analward in many instances. 
Usually the whole organ contracted systolically as a unit.’’ Feeding 
meat to fasting animals produced a gastrocolic reflex, the colon con- 
tracting strongly for fifteen to twenty minutes, especially in the distal 
segment. They also noted a receptive relaxation of the cecum on feed- 
ing. Waves of contractions in the colon were observed preceding 
vomiting. 

Medieal literature reveals a number of reports relative to the action 
of drugs on movements of the colon. Alvarez? studied the effect of 
pituitrin placed in the water bath of the excised full-thickness strips 
of the colon of rabbits and found slight contractions with a moderately 
strong concentration of the drug. Larson and Bargen,’® studying 
movements in isolated dogs’ colons by the use of tandem balloons, ob- 
served that pituitary solutions administered subcutaneously moderately 
increased the activity of the middle portion but had little or no effect 
on the distal colon. Patients who had been subjected to colostomy and 
ileostomy were observed by Guthrie and Bargen,® who introduced rub- 
ber balloons into the lumen of the transverse colon, sigmoid flexure, and 
terminal ileum. The normal tracings of the transverse colon showed 
continual small contractions which were not normally present in the 
sigmoid flexure. In all segments of colon and ileum studied, they found 
that pituitrin produced powerful peristaltic contractions without appar- 
ently exerting any effect on tonus. Strong contractions began a few 
minutes after administration of the drug and were accompanied by 
borborygmus, abdominal cramps, and the expression of large amounts 
of feces from the colonic stoma. No other drug studied was found 
to have as constant and marked an effect. Seed, Falls, and Fantus'® 
distended the colon of human patients with air te the point of diseom- 
fort. Pressure changes in the colon were recorded by manometers con- 
nected to a rectal tube. The intramuscular injection of pitressin was 
followed by strong colon contractions. 

Plant and Miller?’ have studied the effect of morphine upon the mo- 
tility of the colon in dogs and in the human. In their studies on dogs 
Thiery-Vella loops of colon were prepared and balloons attached to a 
recording mechanism were inserted. They concluded that morphine 
produces a marked increase in the tone of the dog’s colon and more 
continuous peristaltic activity, though no change in the rate and ampli- 
tude of peristaltic waves was noted. The small rhythmie contractions 
of the colon corresponding to Type I contractions were not altered 
by opiates. Studies were made on the human colon through colostomies. 
They obtained results that were similar in every respect to those ob- 
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served in dogs. Barcroft and Steggerda® studied the effect of morphine 
on loops of exteriorized colon. One-half cubie centimeter of 5 per ceni 
solution of morphine was injected subcutaneously and vomiting and 
defecation were observed to take place one hour later. The cecum and 
ileocecal region were the only portions of the gut to show any move- 
ment and these were very weak and occurred only occasionally. They 
also reported an increase in the tone of the colon of the dog. The 
method of Plant and Miller’? was used by Yonkman, Hiebert, and 
Singh” in studying the effect of morphine on the human colon. Long, 
sausage balloons were placed in the lumen of the bowel through colos- 
tomies and attached to a recording kymograph. All patients studied 
showed some form of stimulation of either the ileum or the colon follow- 
ing the administration of morphine, the results varying with the individ- 
ual patient, the dosage of morphine, and the bowel area studied. Straub 
and Schild” studied the action of morphine on the motility of the 
colon of guinea pigs by attaching a water manometer to the desired 
segment of colon. They reported an increased tonus with small doses 
of morphine (0.2 to 0.75 mg. per kilogram of body weight) and an 
arrest of peristalsis in most cases. Small doses seemed to increase 
tonus as well as large doses. Alvarez? reported an increase in the mo- 
tility of excised, full-thickness strips of rabbit colon immersed in warm, 
oxygenated Locke’s solution to which 5 ¢.e. of a 1 per cent solution of 
morphine sulfate had been added. 

Ochsner, Gage, and Cutting’? have conducted extensive experiments 
on the effect of drugs on the intestine of the normal dog and in dogs 
with obstruction at the terminal ileum. In their experiments dealing 
with the colon as well as the ileum, physostigmine, pituitrin, pitocin, 
peristaltin, and acetyl choline were used. Of this group of drugs, 
physostigmine produced a definite increase in tone and intestinal move- 
ments of the ileum and an increase in movements of the colon with 
practically no change in tone. In the normal dog pituitrin had a 
definite, though slight, tendency to produce decrease in tone and inhi- 
bition of peristaltic movement in the ileum as well as colon. When 
pitocin, peristaltin, and acetyl choline were given to normal animals, 
the effect on the ileum and colon was relatively the same, showing no 
change or a slight decrease in tone and activity. This led the authors 
to the obvious conclusion that in general the treatment of ileus by 
drugs could not be looked upon as a very effective therapy. Ochsner, 
Gage and Cutting?® conducted additional experiments on the effect of 
morphine on the small intestine of the normal dog and found that it 
increased tonus and activity just as it did in the colon of animals in 
the experiments of the authors and other investigators. 

The action of prostigmin on the motility of the colon of guinea pigs 
was studied by Straub and Schild.2? They found this drug to be a 
very effective stimulant to the motility of the small intestine but noted 
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little effect on the large intestine. Pichler’ reported his observations 
on the clinical use of prostigmin. The effect on the colon was deduced 
only by clinical results. He concluded that prostigmin increases the 
excitability of the intestine in such a manner that it reacts strongly to 
lesser stimuli for a long period. 

Alvarez? reported a slight increase in the motility of excised, full- 
thickness strips of rabbit’s colon which were immersed in warm oxy- 
genated Locke’s solution to which 4 ¢.c. of glucose had been added. He 
followed the same procedure to determine the effect of concentrated 
saline solution, adding 5 ¢.c. of a 26 per cent saline solution to the bath, 
and found that it did not produce any change. Twelve cubic centi- 
meters produced strong contractions. Larson,® working with Thiery- 
Vella loops of dog’s colon, reported extremely strong and sustained con- 
tractions following the intravenous injection of 20 per cent sodium 
chloride. Concentrated saline solution produced much stronger econ- 
tractions than did pituitrin or acetyl choline. 
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METHOD OF STUDY 


Female dogs weighing 15 to 25 kg. were selected for this study. 
Large, long-haired dogs were found to have a relatively long mesocolon 
and a more redundant colon. These factors were important as they 
permitted an isolated segment of colon to be transplanted to the surface 
of the abdominal wall with its mesentery intact and also allowed con- 
tinuity of the remaining colon to be re-established by end-to-end anas- 
tomosis without undue tension on the suture line (Fig. 1). Several 
dogs which were operated upon died because the colon was not suf- 
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ficiently mobile to permit the removal of a 10 em. segment without 
placing too much tension upon the anastomosis. Several other opera- 
tions failed because too great a tension was exerted upon the mesentery 
of the transplanted segment. The ileoceeal region was usually fixed 
deeply in the abdomen and only in rare instances did it have a mesentery 
of adequate length to permit its transplantation to the skin surface. 

The dogs were kept on a milk diet for three days prior to operation. 
The colon was thoroughly washed out with warm water one hour pre- 
operatively. All operative procedures were performed under sodium 
pentobarbital anesthesia administered intraperitoneally. The abdomen 
was opened with aseptic technique by a 10 em. midline incision. The 
omentum was pushed upward and to the left. The colon was usually 
found deep in the abdominal cavity just below the greater curvature of 
the stomach. The selected area was walled off with sterile, wet laparot- 
omy pads and a segment of colon as long as possible was removed be- 
tween clamps. This was usually 8 to 10 em. in length. The mesentery 
was split down to the base, care being taken not to impair the blood 
supply. Continuity of the bowel was re-established by end-to-end 
anastomosis using 000 intestinal catgut on atraumatie needles. The 
mesentery was closed to the base to avoid the possibility of subsequent 
internal hernia. Omentum was placed around the anastomosis. The 
peritoneum and fascia of the abdominal wall were closed in layers under 
the transplanted segment, using mattress sutures of No. 1 chromie eat- 
gut tied loosely so as not to strangulate the blood supply. The skin in 
many eases was not sutured as the incision usually was not longer than 
the segment. The area was dressed with sterile gauze which was re- 
moved on the second day, after which no further dressing was needed. 

Various portions of colon were selected in the five dogs used in this 
study. In Dogs I and IT segments were taken as close to the ileocecal 
junction as possible, in Dog I the proximal end being 2 em. from it. 
The segments in Dogs III and IV were isolated from 8 to 10 em. distal 
to the ileocecal junction, and in Dog V the segment was taken from 
the lower colon. The blood supply of Segments IT and IT was derived 
from the right colic artery and that of IIT and IV from the middle 
colic artery. Segment V received its blood supply from small branches 
of the marginal artery. 

The dogs were fed a milk diet for the first few days after operation 
and a low residue diet thereafter. All five dogs remained in excellent 
health through ut the duration of these experiments, which covered a 
period of eight to twelve months. 


In studying the types of movements found in the colon segments, we 
were confronted with the difficulty of finding a satisfactory means of 
recording them. Considerable time and effort was spent in attempting 
to record movements by the use of eleetrograms as had been emploved 
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previously on the small intestine.’ Some eleetrograms were made, but 
the movements in the colon were so slow and irregular as to make this 
method of study impracticable. Balloons were not placed in the lumen 
of the segments because it was believed distention would alter the re- 
sponses. Motion pictures were not used because of the irregularity, 
slowness, and infrequency of the colon movements. Graphic records, 
although convenient, present mechanical difficulties in representing the 
true activity of the organ and are often misleading. We concluded, 
therefore, that direct visual observations and a descriptive tabulation 
of them gave us the most accurate and satisfactory data. 


As extraneous noises disturbed the dogs, observations were conducted 
in a quiet laboratory maintained at room temperature with the animals 
lying on side-racks. The duration of each observation was from one to 
four hours. The segments were always found to be moist and of nor- 
mal pink color when the observations were started but tended to dry 
out considerably during long observations. To overcome this, they were 
moistened occasionally with warm physiologic saline solution from a 
medicine dropper. 

The segments were always active immediately after placing the ani- 
mals upon the rack, and, for this reason, observations were not recorded 
until the segments had become quiet, usually ten to fifteen minutes 
later. Likewise, observations which were carried out for several hours 
did not seem to be as accurate as those taken within the first two hours. 
Some dogs became very restless when observed for more than two 
hours at a time. Dog V was watched for a period of eight hours and 
did not show any contractions after the first two hours, the dog re- 
maining fairly quiet during the entire period. Observations were gen- 
erally made after a twelve- to twenty-four-hour fast. Occasionally the 
dogs were fed immediately before or during a study to note the effect 
of feeding and the presence or absence of a gastrocolic reflex. Studies 
were made before and after the administration of pitressin, atropine 
sulfate, morphine sulfate, prostigmin, 20 per cent saline solution, 0.85 
per cent saline solution, and 50 per cent glucose. 

After all observations were completed, the dogs were again oper- 
ated upon and the mesentery to the isolated segments divided. The 
same sterile technique and the same anesthesia were used. The abdo- 
men was opened by a small incision 3 em. to the right of the segment, 
care being taken not to disturb the collateral blood supply which had 
developed from the abdominal wall. The abdominal cavity was found 
to be relatively free of adhesions. The mesentery to the segment was 
identified, ligated, and divided. The abdomen was closed in the usual 
manner. This procedure was carried out to divide all remaining nerve 
fibers between the colon segment and the central nervous system. The 
segments became slightly cyanotic, but, by the end of two days, they 
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had returned to normal color. The same observations were repeated 
on the denervated segment of each dog. Six or more separate observa- 
tions were made on each segment following fasting, feeding, and the 
administration of the drugs previously mentioned. 


RESULTS 


Twelve to twenty-four hours were allowed to elapse following the last 
feeding before observations were made to determine the effects of fast- 
ing upon motility of the colon. A few studies were made after thirty- 
six- and forty-eight-hour fasts, but very little or no difference could be 
seen between these and the shorter periods. As previously stated, al) 
segments were found to be contracting when the dogs were first placed 
upon the side-racks. When, after a few minutes, the segments became 
relatively inactive, the experiments were started. Sufficient time was 
allowed to elapse between experiments to permit the effect of drugs 
used in previous observations to wear off. 

The normal contractions of the segments of colon seen in the fasting 
animal, using the terminology of Templeton and Lawson, can be de- 
scribed as Types I, II, and III. 


Type 1.—These were very light contractions, appearing as indistinct 
muscular twitchings and seeming to involve only the circular muscle. 
They were observed as small localized contractions involving only a por- 


tion of the circumference of the segment, thus producing a faint sur- 
face dimpling. They did not appear to progress up or down the seg- 
ment as peristaltic or antiperistaltie waves. These contractions started 
slowly, one to two minutes apart, and increased in frequency until they 
occurred three times per minute, continuing at this rate for two to four 
minutes and then slowly subsiding. At times they were seen at irreg- 
ular intervals as one or more unrelated contractions. This type of con- 
traction was seen most frequently in the proximal third of the segment 
of Dog I and in Dog II, less frequently in Dogs IIT and IV, and rarely 
in Dog V. Oceasionally the proximal end of Segment I would blanch 
slightly with these contractions. Only after several months of observa- 
tion was it finally decided that these contractions were part of the 
normal movement of the colon of the dog. 

Type I1.—These consisted of deeper contractions which would start 
at the proximal end of the segment, generally following a few Type I 
contractions, but oceasionally not preceded by them. Type IT contrac- 
tions could be recognized as distinct circular indentations progressing 
to the distal part of the segment. They were seen much less frequently 
than Type I contractions and were interspersed with them. They were 
found to recur every fifteen to thirty minutes in Segments I and IT, 
every twenty to forty minutes in Segments IIT and TV, and even less 
frequently in Segment V where they did not recur at any definite time 
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interval. Type IL contractions would travel the length of the segment 
in three to five minutes. The depth of the contracting band varied some- 
what as did the rate of progression down the segment. 

Type I11.—Sometimes the entire segment was seen to contract as a 
whole. This usually occurred unassociated with other contractions, al- 
though it was preceded at times by Type I or Type II contractions. 
The segment during this type of contraction can best be visualized by 
first describing it at rest. The segment had a deep pink color with 
both ends widely dilated and containing a plug of mucus. At the be- 
ginning of Type III contractions, the mucous plug would be extruded 
from both ends, the lumen becoming smaller, and the color fading to a 
lighter shade of pink. The segment was definitely elongated (a cireu- 
lar contraction). Suddenly it would become shorter and thicker (a 
longitudinal contraction). At other times the segment appeared to 
shorten in length, grow smaller in diameter, and become paler in color 
than normal. This was interpreted as simultaneous contractions of 
both cireular and longitudinal muscles. The segment was seen to go 
through all three of these stages in quick succession and slowly return 
to the normal quiescent state. There was no definite rate of occurrence 
of Type III contractions. We have seen them occur two or three times 
in a three-hour observation period and have watched the same segment 
on other days without seeing a single one. They were noted more fre- 
quently in Segments IIT, IV, and V than in Segments I and II, al- 
though they did occur in the latter. Type III contractions occurred 
so irregularly and infrequently that it was only after observing them 
following the administration of morphine, prostigmin, and 20 per cent 
saline solution that we coneluded they were a part of the normal move- 
ment of the colon. If observations could have been extended over a 
period of eight to twelve hours without the dogs becoming restless, a 
definite rate of occurrence might have been noted. In this paper move- 
ments will be designated as Type I, II, or III, according to the above 
deseription. 

PITRESSIN 


Six observations were made on each of the five segments following 
the intramuscular injection of 0.5 to 1 ¢.c. of pitressin. Observations 
were begun after the administration of one-half ampule (10 pressor 
units), and very little or no increase in movement was noted. Later 
one full ampule (20 pressor units) was used in each experiment. Some 
slight increase in movement was noted. All segments seemed to have 
an increased tonus, indicated by a slight diminution in the size of the 
lumen. Increased movement was noted in Segments III, IV, and V 
on certain days, but, on the whole, we do not feel that pitressin definitely 
inereased the number of movements in the segments studied. 
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MORPHINE SULFATE 


A great many observations were made after the intramuscular admin- 
istration of morphine sulfate. With dosages of 0.4 and 0.8 mg. per 
kilogram of body weight, nausea and vomiting always occurred in four 
to six minutes, five minutes being the average. Types I and II con- 
tractions started three to four minutes after injection and continued 
with only short intermissions for thirty to forty minutes. Eight to ten 
minutes after injection Type III movements were noted and were seen 
to recur every five to ten minutes. The principal difference in 0.4 and 
0.8 mg. doses per kilogram of body weight was the length of time the 
segment was seen to contract. Movements usually continued for thirty 
to forty minutes following the use of 0.4 mg., while 0.8 mg. produced 
contractions for sixty to seventy minutes, there being very little differ- 
ence in the type or frequency of them. Borborygmus was frequently 
audible during this time. It was very evident that morphine sulfate 
stimulated increased activity of segments of dog’s colon under the ex- 
perimental conditions employed. 

We watched a few segments for one to two hours after the effects of 
morphine had subsided to see if the segment contracted less frequently 
or became more relaxed than normal. We were unable at any time to 
note any secondary depression of activity. 


ATROPINE SULFATE 


Following the administration of atropine sulfate in dosages of 0.016 
mg. per kilogram of body weight very slight or no increase of muscular 
activity of the colon segments was noted. At times the muscle tonus 
appeared stronger and Type I contractions seemed to be more frequent. 
Types II and III contractions were not seen after the use of atropine. 
The tonus of the segments appeared to remain about normal. 


PROSTIGMIN 


Prostigmin was injected intramuscularly in 1 ¢.¢c. doses of a 1:2,000 
solution and in every instance was followed by Type II and later by 
Type III contractions. Borborygmi were audible and frequent during 
the height of the action of this drug. Type II contractions began ten 
to fifteen minutes after the injection of prostigmin, followed in ten 
minutes by Type III contractions and continued with only short periods 
of relaxation for one to two hours. Frequently the segment remained 
in a state of tonic contraction for periods of five minutes. Type III 
contractions were the predominant type of movement following the use 
of prostigmin, while very few Type II contractions were noted. In 
the dosages used, the segment appeared to go into spasm and remain 
so tightly contracted that we doubt very much if propulsion of contents 
could take place. Morphine produced many Type II contractions with 
some Type III, while prostigmin exhibited mainly Type III contractions. 


SURGERY 
SODIUM CHLORIDE 


No noticeable increase or decrease in the normal motility of the colon 
in any of the five dogs followed the intravenous injection of an 0.85 
per cent solution of sodium chloride. Twenty cubie centimeters of 20 
per cent sodium chloride solution was injected intravenously into Dog 
V, followed immediately by violent struggling and then a partial cessa- 
tion of respiration. The dog became cyanotic and completely relaxed. 
Artificial respiration was given and after a few minutes the dog slowly 
returned to normal. During all this time, the segment remained in a 
state of tonic contraction. After fifteen minutes the segment began to 
slowly relax. After three hours the segment was still more contracted 
than normal. Most contractions were tonic in character with almost 
no Type I or II contractions. A large dose of saline solution was not 
injected again for fear of killing the dog. Ten cubie centimeters of a 
20 per cent saline solution was injected slowly and after a few minutes 
this was repeated. Four to five minutes later, Types I and II contrac- 
tions began, followed by Type III contractions, then by short periods 
of relaxation. This sequence continued for about one hour, after which 
contractions slowly subsided. However, the tonus of the segment re- 
mained increased for a longer period of time. Ten cubic centimeters of 
10 per cent saline solution was found to be sufficient to produce the 
above sequence of events, although the contractions continued for a 
shorter duration of time. The tonus remained increased for about the 
same length of time. 

GLUCOSE 


Glucose in dosages of 20 ¢.¢. of 50 per cent solution was injected 
intravenously in all five dogs and in every instance one or more Type 
III contractions took place four to five minutes after the injection. 
The tonus remained increased for fifteen to twenty minutes, following 
which the segments returned to normal. 


DISCUSSION 


Upon considering in general the results of these experiments, it is 
interesting to note the many similarities and the slight differences be- 
tween our observations and those reported in the literature. The ex- 
periments of Barcroft and Steggerda,* Templeton and Lawson,?! and 
of Larson and Bargen,'’ together with our own, present different aspects 
of the motility of the colon of the dog. A more accurate understand- 
ing of it may be obtained from a composite picture of all of these 
studies. Barecroft and Steggerda demonstrated the presence of anti- 
peristalsis in the dog’s colon. They gave a clear picture of the to- 
and-fro shifting of bowel contents by kneading and by peristaltic and 
antiperistaltiec contractions until the mass is of a certain consistency. 
Then the Type II or Type III contractions, as described by Templeton 
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and Lawson and in this study, and the large and small tonie waves of 
Larson and Bargen carry the contents into the next segment. Here 
the process is repeated until the contents reach the distal colon. The 
experiments of Barcroft and Steggerda are better adapted to show con- 
tinuity of movement than any of the others since the waves of contrac- 
tions can be seen with the eye to slowly progress down the bowel. Like- 
wise, after feeding, the cecum can be seen to remain relaxed while the 
more distal part is contracting. The work of Templeton and Lawson 
and of Larson and Bargen shows progression of movement from one 
balloon to another and the relaxing effect of the cecum, but their work 
is especially adapted to the analysis of these movements. 

In recording the results of our experiments, we have adopted the 
terminology of Templeton and Lawson as best fitted to describe our 
observations. Their Type I small, rapid contractions are very similar 
to those we have observed and described and designated as Type LI. 
Some of these may or may not be antiperistaltic contractions. We did 
not see any Type I contractions as frequent as eight to ten per minute 
as they describe. We observed contractions as often as every twenty 
seconds, and when they occurred more frequently than this, we could 
not distinguish them as separate contractions. Larson and Bargen 
describe small tonie contractions recurring eight to ten times per minute, 
which coincides with the observations of Templeton and Lawson. This 
also agrees with Cannon’s observations on small waves recurring two 
to eight times per minute. 

Type II contractions of Templeton and Lawson and of our observa- 
tion are similar to the small tonic waves observed by Larson and Bargen. 
These Type II contractions are the same as described by Starling’® and 
designated by him as true peristaltic waves. He describes them as oc- 
curring at about the same frequency as seen in these studies. Barcroft 
and Steggerda deseribe Type II contractions as deep contractions with 
a slow rate of progression requiring fifteen minutes to travel the length 
of the exposed portion of the colon. This is about the same rate of 
progression as we observed. They do not state how frequently they 
recur but imply that they are infrequent. 

Holzknecht* was the first to describe mass contractions which are the 
same as the Type III contractions of Templeton and Lawson and of this 
study. Larson and Bargen describe them as large tonie waves and Ban- 
croft and Steggerda call them mass contractions. Templeton and Law- 
son and Barcroft and Steggerda do not say how frequently they are 
observed. Larson and Bargen state that they occur six to eight times 
per hour and last for five minutes. They state that these large tonic 
waves can be produced at will by increasing the pressure in the balloons. 
This suggests the possibility that the mechanical irritation of the balloon 
might have produced some of the contractions since they bave not been 
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observed by others to occur so frequently. Previous experiments!’ have 
shown that balloons produced maximal and regular contractions in small 
bowel segments. 

Barcroft and Steggerda state that there is evidence of a gastrocolic 
reflex appearing within a few minutes after feeding but do not state 
how this takes place. Larson and Bargen describe the gastrocolic reflex 
and the sequence of events after feeding but state that it is best elicited 
by fasting the animal for twenty-four hours and making observations 
at a time when the bowel is likely to be full of feces. They state that 
the reflex may be absent when the distal colon is empty. Cannon con- 
cluded from his fluoroscopic observations on the eat that the cecum re- 
mains quiet for a few minutes following the taking of food, while the 
distal colon becomes more active. Within a few minutes, peristaltic 
and antiperistaltie waves set in and continue for some time. We were 
unable to demonstrate any definite change in motility of the colon 
following the ingestion of food, although at times indefinite variations 
in activity were seen. 

Larson and Bargen report moderately strong contractions following 
the administration of pituitrin in the dog’s colon. They do not state 
the dosage used or the type of contractions produced. In our studies 
on isolated segments of the colon of dogs, we did not find that pitressin 
stimulated contractions to any noticeable degree although it did increase 
tonus slightly. Our observations on the action of morphine on the 
motility of the dog’s colon coincide very closely with the observations 
of Plant and Miller.” This drug, in the doses used, always produced 
an increase in tonus and in the movements of the dog’s colon. Atropine 
sulfate did not increase the movement of the dog@’s colon. Whether or 
not it inhibited movement or decreased the tone of musculature of the 
colon could not be determined. Alvarez? reported a decrease in move- 
ment from his observations on the use of atropine on excised full-thick- 
ness strips of the cat’s colon. 

Our observations on the action of concentrated sodium chloride eoin- 
cide with the observations of Larson on the movements of the colon. 
Strong sustained contractions always followed the intravenous injection 
of concentrated sodium chioride solutions. 


SUMMARY 


Direct observations of the motility of isolated segments of dog’s colon 
transplanted to the surface of the abdominal wall in survival experi- 
ments were made. Three different types of normal movement were 
found in these isolated segments of the colon. Type I consists of 
small waves produced by contraction of the circular musculature, serv- 
ing to mix the bowel contents and having nothing to do with propul- 
sion of the feeal mass. These small contractions when present may 
oceur every twenty to forty seconds and are found most frequently in 
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the proximal colon. Type IL consists of a contraction of the circular 
musculature which progresses slowly down the colon for varying dis- 
tances. It is a true peristaltie wave and may oceur two to four times 
an hour. Type IIL is a mass contraction involving circular and longi- 
tudinal muscle layers and occurring two to four times in twenty-four 
hours. Very little response was noted following feeding. The gastro- 
colic reflex was not found to be present in this series of experiments. 

Pitressin, in 20 pressor unit doses, was found to inerease tonus but 
had very little effect on the movements of the dog’s colon. 

Morphine sulfate increased the tonus and frequency strength 
of contractions of the dog’s colon. Atropine had little if any effeet on 
motility. 

Prostigmin in the doses used always produced uniform maximum con- 
tractions. This varied from marked inerease in tonus to a state of 
tonic contraction. Of all the drugs used, prostigmin gave the most 
uniformly strong contractions. 

Physiologie saline solution had very little, if any, effect on the mo- 
tility of the dog’s colon. Concentrated saline solutions (10 to 20 per 
cent) produced a marked increase in tonus and a marked inerease in 
the number and strength of contractions. 

Fifty per cent glucose usually produced an inerease in the move- 
ment of the colon which was of short duration. 

The same results as mentioned above were obtained after cutting the 
mesentery to the segment and repeating all observations. 
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STUDIES OF INTESTINAL MOTILITY: THE EFFECT OF 
INTRAVENOUS SOLUTIONS AND OF INSULIN 
UPON PERISTALSIS 


P. Kierrscu, M.D., aNp CHARLES B. Purestrow, M.D., 
CHICAGO, ELL. 
(From the Department of Surgery, University of Illinois College of Medicine) 


a of the importance of fluid and chemical balance 

and of an adequate state of nutrition of surgical patients has re- 
sulted in extensive use of fluid therapy. The oral, rectal, and sub- 
cutaneous routes so frequently are unable to handle fluid administration 
at the desired rate or concentration that intravenous infusion has be- 
come widely adopted. {t is important for us to know what effeets this 
form of therapy may have upon other physiologic processes which may 
influence surgical morbidity. One of the most important of these is 
intestinal motility because of its relationship to distention, gas pain, 
nausea, vomiting, and nutrition. 

Physiologie saline solution intravenously has been used extensively 
and its stimulating influence upon intestinal motility is recognized. 
Various concentrations of dextrose are administered often in sterile 
water or in combination with numerous salts. It has been suggested, 
however, that dextrose by vein has a depressant action upon the gastro- 
intestinal tract and may play a part in paralytic conditions of the 
bowel. Insulin has been advocated to aid in the utilization of dextrose. 
As considerable controversy exists concerning the action of these solu- 
tions upon the intestine, the following experiments were performed to 
obtain corroborative evidence. The studies were limited to the use of 
physiologi¢ saline solution, 10 per cent dextrose, insulin, and combina- 
tions of them. Dogs were prepared with isolated segments of small in- 
testine exposed on the surface of the abdomen. Such preparations per- 
mitted prolonged and repeated observations on survival animals which 
were in apparent good health. 

Intestinal segments of the lower jejunum and of the ileum were trans- 
planted to the anterior abdominal wall by a previously described opera- 
tion.2!| The abdomen was opened through a low midline incision under 
general anesthesia and with aseptie technique. The small intestine was 
delivered through the incision, and a segment of bowel approximately 
10 em. in length was isolated and transplanted onto the abdominal wall, 
keeping the mesentery intact. The continuity of the remainder of the 
gastrointestinal tract was restored by end-to-end anastomosis. Ob- 
servations upon peristaltic activity of the segment were made after in- 
flammation of the segment had subsided. 

Received for publication, May 1, 1939. 
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The observations, which were continuous, extended over a fifteen-min- 
ute control period, followed by a twenty-minute period during which 
the solution was being administered. The control period was used in 
each individual experiment to provide a relative basis for comparison. 
The solutions were injected by means of a drip apparatus and with 
standard hospital technique. Infusion was made into the external 
saphenous vein at the rate of eighty drops per minute. The experi- 
mental time was initiated at the beginning of the infusion. The dogs 
were unanesthetized and trained to lie quietly upon the side-rack tables 
for the duration of the experimental proceedings. Almost complete 
reliance was placed upon direct visual observation of the segments, and 
a record was made of the number of peristaltic contractions per min- 
ute. <A series of from seven to eleven similar experiments was carried 
out for each solution used, and the average number of contractions for 
each corresponding minute of the control and experimental period was 
determined. The accompanying graphs were drawn from these com- 


putations. 

In addition, electrographic tracings were taken at specified intervals, 
using a previously described technique.?? Electrical contact was estab- 
lished by the direct application of two platinum electrodes to the serosal 
surface of the isolated segment. These records, however, portray only 
brief periods of activity of the segment and, for this reason, were not 
felt to be as satisfactory as the visual observations which were con- 
tinuous. Electrographic tracings were taken during the control period 
and were repeated several times throughout the course of the experiment. 
In general, these findings substantiated the visual observations. 


PHYSIOLOGIC SALINE SOLUTION 


Literature Review.—Sinee Hughson and Searff in 1924 first demon- 
strated that intravenous hypertonic saline solution has a stimulating 
effect upon the bowel, ample confirmatory evidence by various authors 
has bcen presented. That clinical results were in keeping with experi- 
mental findings was indicated by Ochsner and co-workers (1933) in 
their excellent review of the literature on the subject. However, experi- 
mental findings as to the value of physiologic saline solution as an intes- 
tinal stimulant have been contradictory. Hughson and Searff, in their 
original article, reported an increased activity following the intraven- 
ous injection of physiologic saline solution, although not to the same 
degree as that subsequent to hypertonic solutions. Their observations 
carried out on cats were made directly upon jejunal segments filled with 
tap water under varying degrees of pressure. The animals were anes- 
thetized for the duration of the experiment. 

Ochsner, Gage, and Cutting (1930, 1933) obtained similar results 
with Ringer’s solution. This solution also produced a stimulation of 


KLEITSCH AND PUESTOW: INTESTINAL MOTILITY 681 


enteric activity more marked in the hypertonie dilutions. Their experi- 
ments were conducted upon dogs in which an artificial mechanieal ob- 
struction to the gut had been produced. The terminal ileum was the 
segment of bowel selected, and an enterostomy tube was inserted proxt- 
mal to the obstruction. Evidence was also presented that the obstructed 
gut reacted more readily than did the normal. 

On the other hand, Dreyer and Tsung (1929) and Orr and his asso- 
ciates (1931) could not demonstrate any change in intestinal activity 
following the injection of physiologic saline solution. Dreyer and Tsung 
worked with chloralosed cats, the intestines of which were immersed in 
a warm bath of Ringer’s solution and kymographie tracings were taken 
of the existing activity. They observed isotonic saline solution to pro- 
duce no demonstrable effeet upon contractions. Hypertonie sodium 
chloride (3.6 per cent), however, produced a stimulation of peristalsis 
of + minutes’ duration. 

Orr, using dogs having Thiry-Vella loops and jejunal fistulas, confirmed 
the work of Dreyer and Tsung. Hypertonie¢ saline solution was found 
to inerease the tone and peristaltic activity of the jejunum. No change 
in intestinal activity could be demonstrated by them following the use 
of physiologic saline solution. Orr, Johnstone, and Haden observed 
similar effects in a confirmatory group of experiments. They found 
stimulation to follow the intravenous injection of hypertonic (5 to 10 


per cent) solutions, but noted no alteration in activity subsequent to the 
use of isotonic solutions. 


Experimental Findings.—In our experiments, visual observations be- 
gun immediately after the inauguration of drip phleboclysis with 
physiologic saline solution and maintained for a twenty-minute period 
showed a sharp sustained rise in the frequency of the contractions of 
the segment. In general, the contractions oceurred at a rate approach- 
ing a maximum throughout the experiment. Graph 1 shows the mean 
of eleven experiments. 

Associated with increased rate of activity was a concomitant increase 
in the secretion as evidenced by drippings from the open end of the 
segment and the occasional forceful expulsion of accumulated secretions 
from within its lumen. The contraction rings themselves, in most in- 
stances, appeared deeper and more forceful. 

The complete series of experimental findings was arranged in tabular 
form as shown in Table I, listing the number of peristaltic contractions 
for each minute of control and for the experimental time for each of the 
eleven observation periods in this group. From this tabulation it was 
possible to arrive at total and mean values for each minute, the latter 
being illustrated by the graph. By comparing control and experimental 
times it will be noted that no particular attempt was made to administer 
the solution only when the bowel was relatively inactive. It was hoped 
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that, by infusing the fluids when the bowel was active, any depressing 
effect would be elicited more readily. 

In Experiments 1 and 11 the peristaltic activity in the segments was 
proceeding at a maximum rate. The infusion by vein of physiologic 
saline solution had no consistent depressing effect on this activity. On 
the other hand, in Experiments 2 and 10 in which the segment was 
totally inactive during the control period, the phleboclysis of physio- 
logic saline solution immediately inaugurated vigorous peristalsis, often 
attaining a maximum rate. In the majority of cases the increase was 
to a maximum rate of activity of variable duration. 


Physiological Salt Solution-Continuous Drip Venoclysis 
Mean control 657 Mean record 946 
Mean change 289 increase 
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Graph 1. 


In reviewing the findings, one notes that there occurred only one in- 
stance (in Experiment 1) in which a depression of activity occurred. 
The drop in activity, however, was only temporary and may have been 
due to factors other than the saline infusion, such as a physiologic rest 
period. In only Experiment 11 there was no marked change from the 
control. The other nine experiments all demonstrated an inerease in 
the rate of activity to a greater or lesser extent. 


TEN PER CENT DEXTROSE SOLUTION 


Literature Review. —The effect of intravenously injected dextrose solu- 
tion upon the activity of the bowel is still a controversial subject. In 
reviewing the literature one is impressed by the lack of agreement be- 
tween the various investigators. Results varying all the way from stimu- 
lation to inhibition have been reported. Neukirch and Rona (1912), 
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working with isolated guinea pig intestine, found that a 0.1 per cent 
dextrose solution produced a definite as well as marked inerease in both 
tonus and amplitude of peristaltic contractions, this effect lasting from 
seven to eight hours. Several other sugars were studied by these same 
investigators in a rather complete and detailed study. Strips of intes- 
tine were suspended in a warm tyrode solution to which the substances 
studied were added. Dextrose called forth increased activity as did 
mannose. Galactose, when added to the solution, had no effeet. 

A similar confirmatory piece of work was done by Pal and Prasad 
(1935) who concluded that a concentration of 0.1 per cent represented 
an optimum. Isolated rabbit gut was used in this instanee with a tech- 
nique similar to that of Neukirech and Rona. No effeets were noted when 
glucose was added up to a concentration of 2 per cent. It was assumed 
by them, therefore, that the 0.1 per cent of dextrose already contained 
within the tyrode solution was an optimum concentration. 

Gage, Ochsner, and Cutting (1931-1933) reported a depression in 
activity of both normal and obstructed bowel following dextrose solu- 
tion by vein. Their work was done upon dogs in which enterostomies 
had been prepared. An ingenious procedure was devised by which it 
was possible to cause an obstruction of the bowel at will. In this way 
they studied the effects on both the normal and the obstructed bowel. 
They found inhibition of intestinal activity to follow the intravenous 
administration of dextrose in every one of their cases. However, they 
could find no correlation between blood sugar level and intestinal activity. 

Quigley and Hallaran observed the effects of intravenous dextrose 
solution upon the stomach, terminal ileum, and colon by the multiple 
balloon method. No modification in activity was reported, but the ab- 
sence of any inhibition was especially commented upon. In a suececeed- 
ing supplementary work, Quigley and Highstone (1934) again could 
find no marked changes in the rate of intestinal activity exeept when 
hypertonic solutions were used. They found that hypertonic solutions 
of dextrose by vein definitely augmented the propulsion rate through 
a loop of dog jejunum, thereby confirming the findings of Hughson and 
Searff. This work was done using the bolus method and noting the time 
necessary for it to traverse a loop of dog jejunum. An increase in ae- 
tivity was assumed if there was a decrease in the time necessary for the 
bolus to traverse the intestinal loop. By this means they decided that 
an increased propulsion time was aiypical and decided from this that 
dextrose was not contraindicated in the therapy of ileus. The work of 
Hughson and Searff on dextrose was reported only superficially in their 
paper on saline solution. 

Experimental Findings.—The method and technique employed in this 
series of eleven experiments were identical to those used in the previous 
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study except that a 10 per cent solution of dextrose in sterile water was 
administered in place of saline solution. Our findings indicate a slight 
increase in the rate of activity in the segment following the onset of 
drip phleboclysis with the dextrose solution (Graph 2). The inerease 
in rate showed no definite change or tendency to decrease in the twenty- 
minute interval during which the segment was being observed. The 
amount of increase was not nearly as marked as noted with the saline 
solution used in the previous experiment, and is small enough to come 
within the scope of experimental error. On the other hand, depression 
is at least atypical. 


Ten percent Dextrose Solution 
Continuous Drip Venoclysis 
Mean control 721 Mean record 766 


y!O Mean change 0.45 increase 
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The impression obtained from this series of experiments was that 
stimulation of intestinal motility was produced in the majority of in- 
stances. This, however, was so slight as to be inconclusive. In Experi- 
ments 10 and 7 (Table II) with the segment contracting at a maximum 
rate, no consistent depression of activity following the dextrose injee- 
tion could be demonstrated. In Experiment 5 a definite stimulation 
of activity can be easily observed. On the other hand, in Experiment 
6 the injection of glucose was inadequate to start activity in a quiet 
segment. To prove that the segment was not passive to stimulation, 
following the failure of the dextrose solution, 2 ¢.c. of a 15 per cent solu- 
tion of sodium chloride were injected intravenously. Vigorous, foreeful 
peristaltic contractions at a maximal rate began almost immediately. 
In Experiment 5 contractions following dextrose were much increased 
in force; in Experiment 4, conversely, the contractions were found to 
remain weak even after the dextrose solution had been administered. 
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In analyzing this series of experiments one finds three instances of a 
more or less marked depression in activity in Experiments 4, 8 and 11. 
Experinents 6 and 7 show no marked change from the control, which is 
especially significant in Experiment 6 where the control observation re- 
vealed no activity because it demonstrates a failure to instigate any peri- 
stalsis. The remaining six studies all indicate some measure of stimu- 
lation following the venoclysis. The exact amount of stimulation varies 
in each individual ease. 


Physiological Salt Solution with 10% Dextrose 


13) Continuous Drip Venoclysis 
124 Mean control 759 Mean record 915 
i: Mean change 1.56 increase 
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Graph 3. 


PHYSIOLOGIC SALINE SOLUTION 


WITH TEN PER CENT DEXTROSE 


Although solutions of dextrose in physiologic saline solution are quite 
extensively used intravenously in many medical and surgical diseases, 
there has been little experimental work done relative to the effect on 
peristaltic activity of this combination. The papers written have con- 
cerned themselves with sodium chloride and dextrose independently and, 
as such, have been discussed above. As this combination is so widely 
used, it was felt advisable to include it in this study. The technique and 
methods employed were identical with those followed in the two previ- 
ous groups of studies. Administration of 10 per cent dextrose in physio- 
logic saline solution was made into the external saphenous vein by drip 
phleboclysis. The observations indicate a definite increase in the rate 
of activity following the onset of the infusion, but not as marked as was 
noted following the use of physiologic saline solution alone (Graph 3; 
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Here again, a survey of the individual studies reveals that a majority 
show stimulation (Table IIL). Depression in activity was found only in 
two instances, Experiments 3 and 6, and in the latter it was neither 
marked nor complete. In both Experiments 10 and 11 the changes were 
so slight as to be of little importance except for the demonstration in 
Experiment 11 that no definite or consistent inhibition is produced in 
en active segment. The remaining seven experiments all showed vary- 
ing degrees of stimulation following venoclysis. In general, stimula- 
tion of activity of the segment, both in rate and foree of peristaltic con- 
tractions, was marked and consistent enough to permit the conclusion 
that this combination of dextrose and saline solutions possesses definite 
enterokinetie properties. 

The question of strength of contractions in the preceding experiments 
was necessarily a subjective observation. This factor, however, could be 
fairly accurately judged by the depth of the contraction rings, the elear- 
ness of their definition, and the amount of local ischemia produced by 
them. In the majority of instances there appeared to be a definite rela- 
tionship between optimal contraction strength and maximal peristaltic 
rate. Variations in this relationship were atypical. 


INSULIN 


Literature Review.—Winter and Smith (1924) studied strips of small 
intestine which were suspended in warm oxygenated Ringer’s solution. 
The addition of insulin to the solution produced a diminution in ampli- 
tude of the peristaltic contractions and often was accompanied by a 
diminution in tonus. They felt that insulin acted upon the nerve cells 
and/or their endings rather than upon the muscle. Mulinos (1933) 
wrote that insulin hypoglycemia is accompanied by gastric hypermotil- 
ity which is counteracted by glucose, but that the intravenous injection 
of insulin resulted in a temporary depression in the normal activity of 
both the stomach and ileum. Meythaler and Graeser (1933) studied the 
effect of insulin on the gut of the guinea pig. The insulin used was a 
phenol-free product, and the readings were made by means of a tube 
fastened to the gut and to a water manometer. Injections, made directly 
into the muscle of the middle and lower portion of the small gut, pro- 
duced an increased rest period. In one case there was an alteration in 
rhythm. Intravenous injection was made directly into the heart and 
was followed by a similar increase in the rest periods between contrac- 
tions. A temporary loss of tonus lasting from one to four minutes was 
commented upon also. In only one case was any increase in activity of 
the gastrointestinal tract noted, and that was a stimulation in activity 
of colon contractions. Prasad (1934) found that insulin would lessen 
the amplitude of contractions of an isolated strip of intestinal musele. 
The tonus was also noted to be somewhat affected, although the rate of 
movement was little altered. 
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Like Winter and Smith, Abderhalden and Gellhorn (1925) found that 
commercial insulin produced a decrease in the tone and automaticity of 


the bowel. They presumed that such an effect might be due to the 
phenol used as a preservative in the commercial product and so repeated 
their experiments using a phenol-free insulin. The pure insulin pro- 
duced depression in the activity of the gut which was followed by a 
period of increased tonus and greater contractions. The work was done 
upon the small bowel of the rat and the colon of the guinea pig. A 
‘ather complete study of the response of both heart and intestine to 
insulin was made by Barlow (1931). Isolated rabbit intestines sus- 
pended in oxygenated Locke’s solution were studied. The addition of 
insulin to this solution produced a brief depression lasting for two to 
twelve minutes, followed by a more lasting stimulation. In general, 
these results are comparable to those of Winter and Smith. With re- 
peated doses they found a distinct increase in the rhythmic activity of 
the section of bowel. The initial reaction was felt to be like a weak 
epinephrine response; that is, a stimulation of the inhibitory sympa- 
thetic receptive mechanism; whereas, the secondary improvement in 
tone and activity was supposed to be due to a stimulating effect that was 
purely muscular in its site of action. 

Quigley and Solomon (1930) in studies upon dogs and man found that 
insulin produced an increase in colonie activity which was noted to be 
closely parallel to gastric activity. By means of a duodenal tube they 
were able to ascertain that there was also an increase in the duodenal 
activity of man. Gage, Ochsner, and Cutting (1931 and 1933) in two 
papers on the effects of insulin and dextrose on the normal and ob- 
structed bowel reported a distinct improvement in activity following the 
use of insulin. They felt that such a reaction counteracted a depres- 
sion in activity that was noted subsequent to intravenous dextrose medi- 
cation. They concluded that it would be desirable to give insulin rou- 
tinely whenever dextrose is given postoperatively to obviate any tend- 
ency to ileus. Pavel and Mileou (1932) found that in the majority of 
instances insulin augmented the activity of the gut. The stimulation 
also occurred after section of the vagus nerve, and they suggested that 
the parasympathetic nerve endings were the site of action. They did 
note an inhibitory response in a certain number of cases. Krishnan 
(1934) noticed only a stimulating effect of insulin and felt that his work 
confirmed that of Quigley and co-workers. He could find no response 
of isolated bowel to insulin. 

Experimental Findings.—Experimental procedures with insulin were 
fundamentally the same as those employed in the foregoing observa- 
tions. The procedure was varied slightly in those studies in which the 
action of subcutaneous insulin alone was investigated. Following a 
fifteen-minute control period observations were made for three ten- 


KLEITSCH AND PUESTOW: INTESTINAL MOTILITY 691 


minute periods beginning ten, thirty and sixty minutes after the injee- 
tion. Seven similar studies comprised this series. The final experiment 
consisted of ten observations in which, following the control period, the 
influence upon intestinal motility of 10 per cent dextrose solution con- 
taining ten units of insulin per 100 ¢.c. was studied. This solution was 
administered by drip venoelysis at 5 ¢.¢. per minute. Thus, in each 
twenty-minute observation period, the dog received 10 em. of dextrose 
and ten units of insulin. Commercial insulin was used to conform to 
that generally used in ¢linieal practice. 

Following nearly every administration of commercial insulin, whether 
injected subeutaneously or intravenously, there was a decrease in intes- 
tinal motility. This was more apparent in the diminution of intestinal 
tonus and the strength of contractions than in retardation of peristaltie¢ 
‘ate. The findings were most pronounced when insulin alone was ad- 
ministered. In this group of experiments there was a markedly uni- 
form decrease in tonus and muscular power as well as a reduction in 
rate (Graph 4). A majority of observations showed a_ progressive 
diminution in rate which was most marked sixty minutes after the 
administration of insulin. 

The combination of dextrose and insulin in the majority of instances 
appeared to have a slight but progressively depressing effect upon the 
bowel (Graph 5, Table V). Here again the loss of tonus and the de- 
crease in the force of the peristaltic contractions were more noticeable 
than was the alteration in rate. During the first few minutes of the 
infusion, the rate was slightly accelerated but soon decreased to an aver- 
age below that of the control. 


DISCUSSION 


Disturbances of gastrointestinal motility are responsible for mueh 
postoperative pain and discomfort as well as interference with assimila- 
tion of food and fluids. Many factors contribute to this interference, 
including manipulation of the intestines during surgical procedures, 
early administration of oral feedings, and the effects of drugs and 
anesthesia. To avoid unnecessary distress, it is important to under- 
stand the influence on intestinal motility of the therapeutic agents em- 
ployed. Intravenous infusion has proved to be of great value in main- 
taining fluid balance and nutrition until oral administration can be 
tolerated. Studies of the influence upon peristalsis and bowel tonus of 
various fluids emploved are, therefore, important. Many such studies 
have been made, but the results are not in accord. 

The preparations used in these studies permitted direct visualization 
of segments of small intestine in dogs. Previous studies on similarly 
prepared animals have established the type of motility seen under nor- 
mal physiologie conditions.2' The survival nature of the animals per- 
mits repeated observations which are not influenced by anesthesia or 
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operative trauma. Interrupted continuity of the bowel and its abnormal 
location apparently have not altered the motility responses. As these 
studies were carried out in dogs, similar results in other animals and 
man can only be conjectured. Only the immediate effects of the intra- 
venous infusions were noted and prolonged results or subsequent changes 
were not determined. 


Commercial Insulin Units 10 
Hypodermic Injection 
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Time in Minutes 
Graph 4. 


Ten percent Dextrose & Insulin 
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Graph 5. 


Hypertonic saline solution administered by venoelysis has been gen- 
erally recognized to be a stimulant to small intestinal motility and has 
been proved to be of clinical value in encouraging peristalsis and in- 
creasing intestinal tonus. Similar stimulating properties have been at- 
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TABLE IV 
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tributed to physiologic saline solution by some observers but denied by 
others. Under the experimental conditions here used physiologic saline 
solution increased the peristaltic rate and muscle tone of the small bowel. 
The results obtained when using 10 per cent dextrose solution intra- 
venously suggest that this solution has very little effect wpon small bowel 
action and its use should not encourage postoperative distension or bowel 
atony. When dextrose was combined with physiologic saline solution, 
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peristalsis was mildly stimulated, but to a lesser degree than by the 
saline solution alone. This combination, therefore, should be of clinical 
value in encouraging active peristalsis. 

Experimental observations on the effect of insulin upon intestinal 
motility have varied, some showing a definite inhibition, others a pri- 
mary inhibition followed by stimulation, and still others showing only 
stimulation. Under the experimental conditions employed in these ob- 
servations, the administration of commercial insulin subcutaneously or 
intravenously in combination with 10 per cent dextrose was followed by 
a diminution in intestinal tonus and strength of contractions and a 
slight reduction in peristaltic rate. 


SUMMARY 


In a series of survival experiments on dogs, motility was studied in 
isolated intestinal transplants. The influence of intravenous solutions 
commonly used in surgery and of insulin upon peristaltic rate and 
intestinal tonus was observed. 

Physiologic saline solution administered by drip phleboclysis pro- 
duced a definite increase in rate and strength of peristaltic contractions. 

Ten per cent dextrose solution had very little if any effect upon small 
bowel motility. 

Ten per cent dextrose in physiologic saline solution had a greater 
stimulating action upon peristalsis than did dextrose alone, but less than 
physiologic saline solution. 


Insulin subeutaneously caused a progressive diminution of peristaltic 
rate and strength and of intestinal tonus. When insulin was adminis- 
tered intravenously combined with 10 per cent dextrose, the same in- 
hibiting action was noted though the change in rate of peristalsis was 
very slight. 
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GASTRIC PERISTALSIS 


STUART GORDON, M.B., M.S. (Tor.), F.R.C.S. (C.), AND 
ARTHUR ©, SINGLETON, M.B. (Tor.), F.F.R., Toronro, ONTARIO 


(From the Departments of Surgery and Radiology, of the University of Toronto, 
and the Toronto General Hospital) 


HE COMMONLY accepted view of gastric peristalsis is that it is 

a function of the entire stomach wall. Forsell,’ many years ago, 
advaneed the idea that the muscularis mucosa of the gastrointestinal 
tract was capable alone of producing movement in the mucosa. More 
recently, Cole? has stated that peristalsis in the stomach is a function 
of the muscularis mucosa. To those accustomed to see occasional 
peristaltie waves in the stomachs of patients undergoing laparotomy, 
this idea is somewhat startling. 

This belief, however, is based on several observations. Probably the 
most important point has to do with the thickness of the gastric wall. 
Cole? pointed out that if all coats were involved in the constricting rings 
progressing towards the pylorus the thickness at the base of the wave 
should be twice that of the stomach wall; i.e., 94 inch; yet this measure- 
ment averaged only between *4,; inch and 4, inch. Thus, it is impossible 
for the wave to involve all the coats of the stomach. Other arguments 
in favor of this thesis are: (1) No suleus angularis is to be seen in the 
stomach wall when the stomach is opened. (2) The mucosal coat is 
greater on the lesser curve than the length of the regular muscle coat. 
(3) Uleers involving only the mucosa ride with the wave. Cole? eon- 
cludes that hydrostatic pressure is carried by the muscularis propria 
and that the chyme is moved by the muscularis mucosa. 

At the instigation of the late Dr. Howard Dickson, studies of gastric 
motility were undertaken in an attempt to prove the correctness, or 
otherwise, of this statement regarding the part played by the muscularis 
mucosa in gastrie¢ peristalsis. 

Histologically the stomach wall is composed of six coats, mucosa, 
muscularis mucosa, submucosa, muscularis propria (two layers), and 
the serosa. A very intimate connection exists between the first two. 
Prolongations of the muscularis mucosa can be traced readily among 
the tubules of the mucosa. The submucosa is a lax structure composed 
of branching fibrous tissue and capable of extending transversely, after 
the manner of a telephone extension bracket; i.e., allowing the two inner 
layers to separate relatively widely from the outer three. The longi- 
tudinal and circular muscle coats and the serosa are closely connected 
and in the gross can be easily dissected from the inner two. Thus, we 
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have histologic and gross evidence that it is possible for the mucosa and 
muscularis mucosa to move freely on the outer three coats, the movement 


being possible because of the laxness of the submucosa. 


The first group of experiments consisted in sewing fine, flexible wire 
along the greater and lesser curves in the pyloric region of dogs’ 
stomachs. When the dogs had fully recovered, a barium meal was 


Fig. 1.—The heavy metal beads fixed to the serous coat on the greater and lesser 
curvatures of the stomach mark the position of the muscularis propria. It is noted 
that the position of the beads as seen in A, with the pylorus distended with barium, 
remains unchanged in B, when this portion of the stomach contracts. This would in- 
dicate that here the muscularis propria has not contracted in peristalsis and that the 
contraction is due to peristalsis in the muscularis mucosa. Similar findings were 
noted in nine other dogs. 


Fig. 2.—In this experiment the serosa and muscularis propria previously had been 
divided approximately at the incisura angularis. Comparison of the pyloric end of 
the stomach seen in A and B shows good peristalsis three weeks after operation. The 
short interval precludes the possibility of nerve regeneration distal to the line of 
section. These findings were noted in six dogs. 
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placed in the stomach through a lavage tube. Radiologic examination 
was then done, This proved an unsatisfactory method, the wires being 
too stiff. 

Accordingly, a second group of experiments was performed in which 
individual lead beads were sewed at intervals along the two curvatures 
of the stomach. It was quite evident on fluoroscopic examination of 
these animals, after barium had been placed in the stomach, that peristal- 
tie waves passed distally without disturbing the alignment of the beads. 
This was always true when the waves were of moderate depth. When 
marked waves were present, a ripple was reflected in the line of the 
beads. Radiographs were not as convincing as the fluoroscopic examina- 
tion, partly because it was impossible to place the plane of the two rows 


Fig. 3.—The distal half of a dog’s stomach was denuded of muscularis propria 
except for a strip one-half inch wide along the lesser curvature. The operation was 
done three months prior to giving the barium meal. Peristalsis was very shallow 
in the denuded portion of the stomach and disappeared entirely in the extreme pyloric 
end. This denotes that good peristalsis of muscularis mucosae requires the supporting 
action of the muscularis propria. These findings were noted in six dogs. 


of beads parallel to the plane of the cassette and partly because it was 
difficult to keep the animal still. No sedatives or stimulants were used 
during the examinations. However, study of these plates revealed that, 
in addition to the movement described, changes occurred in the relation 
of the beads to each other and in the relation of one row of beads to the 
other. Thus, as the peristaltie wave passed along the muscularis mucosa, 
tonie changes were occurring in the muscularis propria. (Fig. 1.) 

In the third group of experiments, the serosa and muscularis propria 
were divided at the level of the incisura. This division completely en- 
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circled the stomach except for one-half inch on the lesser curve. The 
incision was immediately sutured, in one-half the cases cellophane being 
interposed between the ends of the muscle. Beads were placed as before. 
Three weeks later fluoroscopic examination showed normal looking 
peristaltic waves passing to the pylorus and which involved the mucosi 
and muscularis mucosa only (Fig. 2). 


ano d 


Fig. 4.—In this case small metal beads were fixed to the serous coat of the stomach 
along the greater curvature. As the serous coat is intimately attached to muscularis 
propria, the beads indicate the position of this muscle layer. It will be seen that the 
beads remain in the same relative position, while the barium shadow changes, due to 
peristalsis of the muscularis mucosae. Eleven other dogs gave similar findings. 


Fig. 5.—Here again small metal beads have been introduced to indicate the line 
of the muscularis propria. Note the change in the barium shadow in the pyloric 
antrum without disturbance in the position of the beads. 


The next experiment consisted in denuding the distal one-half of the 
stomach of its serosa and muscularis propria. This was done completely 
with the exception of a narrow strip along the lesser curve. Subsequent 
radiologic examination failed to reveal any but the very shallowest of 
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peristaltic waves in this denuded portion, Invariably they faded out 
before reaching the pylorus. Nevertheless, the dogs treated remained 
healthy and fat. One, which lived for fourteen months, died of a per- 
forated gastric ulcer in the denuded portion (Fig. 3). 

Finally, to overcome any objection which might lie in the weight of 
the lead beads, fine steel beads were sewed onto the greater and lesser 
curves, or in some instances to the greater curvature only, and x-ray 
studies were made, Again normal peristaltie waves were seen to pass 
distally along the stomach without involving the muscularis propria. 
Occasionally, however, vigorous broad waves which took in all coats of 
the stomach were noted. (Figs. 4 and 5.) Similar results were obtained 
by the use of metal ¢lips such as are used in neurosurgery (Fig. 6). 


Fig. 6.—In this experiment small metal clips were fixed to the serosa of the stomach 
on the greater and lesser curvatures. In A the pair of clips closest to the pyloric 
sphincter, as measured on the original film, were 2.5 em. apart and the barium shadow 
1.9 cm. wide. On peristaltic contraction (B), the clips were 1.9 cm. apart, while the 
barium shadow was reduced to 0.7 cm. The major part, at least, of the contraction 
must be due to peristalsis of muscularis mucosa. 


DISCUSSION 


Thus it would appear that there are two types of peristaltic waves 
normally present in the stomach. The vigorous type involving all coats 


of the stomach has been noted by everyone doing abdominal surgery and 


was seen in the last group of experiments. In addition, there is a second 
type which involves mucosa and muscularis mucosa only. 

The functions of this wave can only be conjectured. Suggested fune- 
tions are propulsion and mixing of stomach contents. In addition, it 
brings a greater area of mucous membrane into relation with the bolus 
of food. To function properly, the bolstering action of the muscularis 
propria is required. 
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CONCLUSIONS 


. There are two types of gastrice peristalsis. 
2. The first type involves all coats of the stomach wall, is probably 
purely propulsive, and is quite wide. 

3. The second type involves only mucosa and muscularis mucosa and 
requires the presence of the outer three coats. Its function would ap- 
pear to be propulsive and would also serve to mix stomach content. 

4. As this second wave passes distally, tonic changes occur in the mus- 
cularis propria. 
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NEUROGENIC FIBROMA OF THE TRANSVERSE COLON 


FRANK GLENN, M.D., New York, N. Y. 
(From the Department of Surgery of the New York Hospital and Cornell University 
Medical College) 


A CASE of neurogeni¢ fibroma of the large intestine is reported as 
an example of a rare lesion. That such tumors are rare in the bowel 
is attested by a study of the literature. Buie and Swan, in 1929, re- 
viewed the benign tumors of the large intestine and cited adenomas, 
adenofibromas, adenomyomas, fibromyomas, angiomas, polyps, and eystic 
tumors but made no mention of neurogenic fibromas in this region. 
Ochsner, in writing on the same subject, states only that ** neurofibromas 
may occur in the intestinal tract without cutaneous lesions.” 

In 1917 King reported a subserous fibroma of the ascending colon. 
Hertaux, Bevan, Lange, and others have published similar cases. Ewing, 
in a discussion of visceral neurofibromatosis, states briefly that such 


tumors may occur at any point along the gastrointestinal tract from the 
lips to the anus. He quotes Sarazanas, who collected cases in which 
neurogeni¢ tumors occurred in the tongue, stomach, jejunum, ileum, 
colon, vagina, and bladder. However, in a diligent search of the litera- 
ture, no histologically proved case of neurogenic fibroma of the large 


intestine was found. 

The neurofibroma to be described arose from the mesenteric portion of 
the transverse colon, and in this respect it coincided with the general 
characteristic of neuromas, that they originate from medullated nerve 
fibers. According to some pathologists sueh tumors arise from the sheath 
of Schwann. For a short time after their inception presumably they 
remain encased by the perineurium until they rupture through this strue- 
ture. Thereafter, they probably grow as an expanding bud, without 
apparent involvement of the axon or myelin. They are circumscribed, 
encapsulated tumors, which in their growth encroach upon the lumen 
of the bowel by pushing its mucosa before them. Thus such a lesion 
may produce none of the signs and symptoms commonly associated with 
tumors of the large bowel and may be recognized only by the presence 
within the colon of a mass which causes pressure on adjacent strue- 
tures, as upon the ureter in the case reported. 

In 1988 the case of neurogeni¢ fibroma of the transverse colon eame 
under my care. The protocol of the ease is as follows: 


CASE REPORT 


Mrs. H. R. (Hospital No. 216435), a woman 25 years of age, was admitted 
to the Urological Outpatient Department on Sept. 30, 1938, complaining of frequency 
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of micturition and dysuria of two weeks’ duration. Her family and her own past 
histories were unimportant. She had always been healthy. Two weeks before ad- 
mission to the Clinic, she had frequency of micturition one night, followed the next 
day by terminal dysuria; the dysuria persisted for two days and then gradually sub- 
sided over a period of ten days. 

The examination in the urological clinic revealed an abdominal tumor of which 
the patient had not been aware. Because of this tumor the patient was admitted 
to the surgical department of the hospital. 

The patient’s general physical condition was excellent. There was no evidence 
of loss of weight, pigmentation of the skin, or subeutaneous tumors. On physical 
examination nothing unusual was found except the abdominal tumor, About 5 em. 
to the right of the umbilicus there was a readily palpable, round, nontender mass 
which moved slightly on respiration. (Fig. 1.) The tumor could be displaced in an 
orbit of 10 cm., but attempts to grasp it and carry it forward failed; therefore, it 
was assumed that it was fixed to the posterior abdominal wall or to some other firmly 
attached structure. There was no enlargement of the liver, and the spleen was not 
palpable. Pelvic and rectal examinations showed no abnormalities. 

The laboratory examinations of the blood, urine, and stool showed nothing ab- 
normal, X-rays of the chest gave no evidence of parenchymal or pleural infiltration. 
The heart was normal in size. Pyeloureterograms showed normal, well-outlined pelves 
and calices of both kidneys. The ureters were clearly visible; the right ureter was 
seen to be displaced medially with some distortion by an extrinsic mass. 


Fig. 1.—Schematic drawing of colon indicating position and size of tumor. 


With a barium enema (Fig. 2), film and fluoroscopic examination of the large 
bowel gave evidence of complete filling except in the proximal portion of the trans- 
verse colon where there was a rounded defect about 4 cm. in diameter which cor- 
responded in location to the mass palpated in the abdomen, Below this point the 
sigmoid was redundant. As the column of barium approached the lesion, it divided 
into two streams around the defect. It was apparent that the tumor lay inside the 
transverse colon, for it could not be separated from it. Air injections revealed ob- 
literation of the intestinal pattern within the confines of the defect. 

The general impression obtained was that the lesion was a tumor, probably a 
polyp, in the proximal portion of the transverse colon. 
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The patient was subjected to operation on Oct. 18, 1938. The abdominal cavity 
was approached through a mid-right rectus incision. It was found that the trans- 
verse colon was displaced downward and laterally so that its most dependent portion 
was in contact with the cecum. The ureter was seen to be out of position and medial 
to the tumor. The mass, when palpated within the bowel, was spherical, firm in con- 
sistency, and about 4 em. in diameter. It apparently arose from the mesenteric 
portion of the intestine. The colon was dissected free from its peritoneal attach- 
ment and drawn into the wound. A section of colon, measuring about 12 em. and 
including the tumor, was resected and continuity of the intestine was immediately 
re-established by aseptic end-to-end anastomosis in which mattress sutures of black 
silk were reinforced by interrupted sutures of the same material. 

The patient had an uneventful recovery. 


Fig. 2.—Photograph of roentgenogram showing displacement of barium by the tumor. 


PATHOLOGICAL REPORT 


The gross specimen (Fig. 3) consisted of a section of the proximal 
portion of the transverse colon approximately 12 em. in length in which 
could be felt a firm, rounded tumor adherent to the mesenteric border. 
When the bowel was opened, the tumor was found to be covered with 
normal mucosa which was freely movable over it. The mucosa had 
been pushed into the lumen of the bowel by the tumor which arose 
from a deeper layer of the intestinal wall. 

The microscopic sections of the tumor were prepared with the Masson 
trichrome method, a silver impregnation to demonstrate the reticulum 
and a block Cajal impregnation to demonstrate nerve fibrils. The 
Masson preparations showed a characteristic formation in which numer- 
ous interlacing bundles of tissue intersected each other in all Cirections. 
sometimes marking off enclosed bundles of transversely cut eeiis and 
fibers. The cells were large and stellate and varied in number in differ- 
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ent parts of the section. Some areas were quite cellular while others 
were chiefly fibrous. The reticulum impregnation showed a large num- 
ber of reticular fibers which ran parallel to each other, delimiting empty 
spaces and resembling peripheral nerves in structure. In short, the 
fibrous arrangement of the tumor roughly imitated that of a peripheral 
nerve. The Cajal impregnation (Fig. 4) showed the cells of the tumor to 


Fig. 3.—Neurogenic fibroma of the transverse colon. Photograph of specimen removed 
at operation. 


Fig. 4.—Photomicrograph, neurogenic fibroma of the transverse colon; a Cajal im- 
pregnation demonstrating a nonmedullated nerve fiber (450). 


be large, somewhat anastomotic, fusiform and stellate, resembling myo- 
blasts or sheath cells. The actual demonstration of nerve fibers in the tis- 


sue was difficult for they were very sparse and often minute. Here and 
there they were fairly large and could be identified readily as non- 
medullated nerve fibers; in other places they were so delicate that one 
could not always be sure that they were not the edges of clefts in the 
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tissue which had taken the silver stain. It could readily be demon- 
strated, however, that the latter was not true in all instances. These 
fibers undoubtedly represented the small sympathetic fibers of the nerve 
sheath and did not constitute large axons. The tumor was, therefore, 
largely of a fibromyxomatous nature, presumably arising from a nerve 
trunk in the wall of the viscus. It showed no evidence of malignant 
degeneration. 

The pathologic diagnosis was neurogenic fibroma of the hepatic flexure 
of the colon. 
COMMENT 


Foot,* in a paper on peripheral neurogenic tumors, emphasizes the 
point that in order to make a correct diagnosis of neurogenic tumors 
sections should be stained not with hematoxylin-eosin or eosin-methylene 
blue alone, but with the Masson trichrome aniline blue and silver im. 
pregnation methods. In the examination of different sections from any 
one block of tissue, he advocates the use of several stains to verify the 
first impression obtained before a final diagnosis is made. The neuro- 
genie tumor deseribed here is a good example of the advisability of usine 
other than the routine methods of staining sections of doubtful tumors. 
It further illustrates the ease with which a nonobstructive benign in- 
testinal tumor ean be resected with the intestine surrounding it, the 
continuity of the bowel being iminediately re-established by an end-to- 
end anastomosis. 
SUMMARY 


A neurogenic tumor of the transverse colon is described. The portion 


of the bowel enclosing the tumor was resected and an end-to-end anas- 
tomosis immediately performed. The patient made an uneventful re- 
covery. 
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NUTRITIONAL DISTURBANCES IN REGIONAL ENTERITIS 


Case Report AND DISCUSSION OF THE ErFEcT OF THESE DISTURBANCES 
ON THE POSTOPERATIVE COURSE 


DANIEL CASTEN, M.D., New York, N. Y. 
(From the Hospital for Joint Diseases) 


_ heinroan disturbances similar to those observed in many med- 
ical conditions may occur in surgical practice. Not infrequently, 


however, they are overlooked or are overshadowed by the more im- 
portant picture of the primary condition. These disturbances most 
commonly consist of malnutrition, avitaminosis, and depletion of the 
body proteins. Among the surgical diseases in which nutritional dis- 
turbances are found may be included the chronic gastrointestinal 


diseases, such as peptic ulcer; ulcerative colitis; pancreatic, biliary, or 
intestinal fistulas! (usually postoperative) ; prolonged drainage follow- 
ing intra-abdominal suppuration ; chronic lung abscesses ; severe burns ; 


and prolonged drainage of septic joints. To this list we now may add 


regional enteritis. These nutritional disturbances may be due to one 
or more of the following factors: (1) diminished intake of food due 
to loss of appetite, nausea, vomiting, or dietary restriction; (2) lack 
of absorption of nutritive elements from the ingested food, because of 
alterations in the mucosa of the gastrointestinal tract; (8) severe and 
uncontrollable diarrhea; (4) loss of protein through profuse and pro- 
longed drainage of a suppurative focus; (5) loss of body fluid, as in 
severe burns or diarrhea; (6) diminished absorptive area of the in- 
testinal tract because of operative procedures (short-circuiting or 


resection). 

Since the description of regional ileitis by Crohn, Ginzburg, and 
Oppenheimer,” there have been many discussions of the complica- 
tions®:* of this disease entity. These are usually considered to be 
abscess formation, internal fistulas, external abdominal or perianal 
fistulas,” and intestinal obstruction. Nutritional disturbances so ex- 
tensive as to be a direct factor in the ultimate outcome have not been 
reported, and even lesser degrees of deficiency in nutritive elements 
are only occasionally mentioned in passing.® The entire disease entity, 
its pathologic basis and clinical manifestations, should lead one to ex- 
pect changes of this type, and they probably do occur much oftener 
than they have been reported. The severe diarrhea, which is the most 
common symptom, the extensive involvement of the absorptive area 
of the small intestines, the dietary restrictions upon which these pa- 
tients are often placed, and the aversion to food which occasionally 
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is encountered lay the ground work for extensive changes in the body 


nutrition. Although the case herein reported is more extensive than 
any I have encountered in the literature, many cases are known where- 
in extensive involvement of the ileum and some involvement of the 
‘skip”’ 


jejunum is present,” * usually, however, with so-called free 
areas between. 

The following case report is believed to be of interest for two rea- 
sons: (1) because of the extremely extensive involvement of small 
intestines; and (2) for the nutritional changes, manifested in marked 
depletion of the plasma protein content and avitaminosis. The case 
report follows: 

CASE REPORT 


DD. A. (Hospital No, 69829), a white male, aged 22 years, was first seen by me 
on Jan. 18, 1958, At this time he complained of intermittent attacks of cramplike 
epigastric and periumbilical pain of two years’ duration, severe diarrhea, fever, 
and loss of weight. A!though there were periods of remission early in the course, 
the symptoms at the time of the first examination had been continuous over a 
period of several months. There were fifteen to twenty loose, watery stools daily. 
His appetite was poor and weight loss was marked. Previously he had received 
various medications and had been placed on bland diets with no improvement. 
His family history and past history were irrelevant. Physical examination at this 
time revealed a very poorly nourished male. The lungs and heart were normal. 
The abdomen was slightly distended and there was marked tenderness in both 
lower quadrants. There were no palpable masses and no edema was present at 
this time. A gastrointestinal x-ray series was taken and evidence of an extensive 
regional enteritis was found (Figs. 1 and 2). Operation was advised, an ileo- 
transverse colostomy with exclusion being contemplated. 

The patient was not seen again until April 7, 1988. He had been operated 
upon at another hospital where a jejunotransverse colostomy without exclusion had 
been done. The high anastomosis had been necessary because of the extreme in- 
volvement of the entire ileum and terminal jejunum. At the time of this second 
examination, the malnutrition was much more marked; ankle and scrotal edema, 
ascites, and hydrothorax were present. Diarrhea was more severe and food in- 
tolerance more evident. The patient complained of severe abdominal cramps and 
dull pains in the bones and joints. Gastrointestinal x-ray studies showed a fune- 
tioning jejunocolostomy with very rapid emptying time. On April 9, 1938, the 
patient was admitted to the Hospital for Joint Diseases. On admission the hemo- 
globin was 13 gm.; the red blood count was 5,120,000 per cu. mm.; the white 
blood count was 38,900 per cu. mm.; and the urine was normal. On April 15, 
1938, the total serum proteins were 3.1 gm. per 100 ¢.¢., the albumin fraction being 
1.1 gm. and the globulin 2 gm. The albumin-globulin ratio was 0.55. The blood 
chemistry otherwise was normal. Immediate therapeutic measures, consisting of 
blood transfusion, high protein diet, vitamins, and parenteral liver, were instituted. 
At this time time it became apparent that unless loss of nutritive elements as a 
result of the diarrhea could be stopped, the patient would succumb to the progres- 
sive malnutrition. It was realized that an extremely small amount of normal bowel 
remained, but it was felt that the hypermotility and resultant diarrhea were dimin- 
ishing the effectiveness of the small remaining area of absorptive surface. The 
hypermotility was thought to be caused by the irritating action of the diseased 
bowel which was not excluded from the gastrointestinal continuity. 
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Operation* therefore was performed on April 14, 1938, a division of the bowel 
below the jejunocolostomy being performed with closure of both ends. The entire 
ileum, except for a few areas of apparently normal bowel, was involved in an 
extensive inflammatory process. The segments were thickened, boggy, and in- 
durated, and the mesentery was also boggy and indurated. There were approxi- 
mately 6 feet of normal bowel above the previously formed anastomosis, A small 


Fig. 1.—Gastrointestinal x-ray with barium meal, one-hour plate. The involvement of 
the upper jejunum is noted showing the typical “string” sign. 


piece of tissue was taken from the bowel wall. The pathologic report follows: 
The serosa is distinetly thickened, mainly due to edema, and is infiltrated by a 
number of lymphocytes and a few polymorphonuclears. There are a few seattered 
lymphocytes in the muscularis and submucosa; the latter is also somewhat edematous. 


No mucosa is present. 


*The amount of small intestine that can be sacrificed is extremely large and cases 
have been reported in which over 18 feet of small intestine have been removed. 
Moynihan collected 54 cases of resections of more than 192 cm. and Watson collected 
73 cases of resections of over 200 cm. of small bowel. Brenner resected 18 feet of 
small bowel, leaving 3 feet 5 inches and the patient survived two and one-half years. 
Jerrauld reported the resection of 19 feet of small bowel, leaving only 10 feet. Doerffler 
reported the successful resection of 18 feet 8 inches of bowel, leaving only 82 em. of 
bowel below the duodenojejunal junction.*: ” 
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The immediate postoperative reaction was good. There was a very slight febrile 
reaction which soon subsided. The frequency of the bowel movements diminished 
and never exceeded five per day in the postoperative period. Therapy continued 
with further transfusions, high protein diet, vitamins, ete. On April 16, the second 
postoperative day, the total serum proteins were 3.5 gm. per 100 ¢.¢., with albumin 
1.3 gm. and the globulin 2 gm. The albumin-globulin ratio was 0.65. This showed 
a slight improvement over the preoperative status. On April 22, 1938, the total 


Fig. 2.—Two-hour plate. Dilatation of several lower intestinal loops is noted. 


serum proteins had risen to 3.7 gm. per 100 ¢.c., with albumin 1.6 gm. and globulin 
2.1 gm.; the albumin-globulin ratio was 0.67. On April 24, 1938, on the tenth post- 
operative day, complete dehiscence of the abdominal incision was noted. The 


wound edges were clean and free of infection, but were edematous, pale, glistening, 
and anemic. A secondary suture was performed, but wound healing failed to 
occur and when the patient died on May 2, 1938, there was still no evidence of 
healing. In spite of the slight improvement in the serum protein values, the edema 
and the ascites increased, the hemoglobin decreased from 14 gm, on April 15 to 
9.4 gm. on May 2 and the patient became weaker and finally succumbed on May 
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2, 1938. At no time was there any evidence of peritonitis, and death was ascribed 


to malnutrition. No autopsy was permitted. 
COMMENT 


Depletion of the plasma proteins is one of the most important 
nutritional changes in surgical practice. This is usually manifested, 
when a critical level has been reached, by nutritional edema which 
may be so extensive as to cause ascites and hydrothorax, as in the 
case described above. The relationship between the serum proteins 
and nutritional edema has been stressed by many writers since Star- 
ling™ in 1895 first postulated the existence of an equilibrium between 
the capillary blood pressure which tends to force fluids into the tissues 
and the colloid osmotic pressure which tends to draw fluids from the 
tissue spaces into the blood stream. Alterations in this equilibrium 
have been noted in cholera, dysentery, malnutrition, and nephrosis 
and have been produced experimentally by causing a hypoproteinemia 
in a variety of ways.'*'* These observations have confirmed the im- 
portance of the serum proteins as a controlling factor in the causation 
of nutritional edema. 

The critical level of the serum proteins for the production of edema 
has been variously estimated and most observers conclude that edema 
invariably will occur when the serum proteins fall below 5 gm. per 
100 ¢.c. Moore and van Slyke’ state that edema will occur at levels 
for the serum proteins below 5.5 + 0.3 gm. per 100 ¢.c., when the 
plasma albumin values are below 2.5 em. per 100 ¢.c. Jones and 
Eaton'® noted an average of 5.2 em. per 100 ¢.c. at the time of the 
development of edema in their cases. Weeceh and Ling’ state that 
the critical level is about 5 gm. per 100 ¢.c. The albumin-globulin 
ratio, while frequently reversed, is not an important consideration in 
this type of edema, as, for example, it is in nephrosis. The globulin 
values are exceedingly variable and may be either increased, normal, 
or decreased, but decreased values only exist in the presence of a 
decrease in the albumin fraction and have no effect on the production 
of edema. 

The albumin fraction of the serum proteins is the determining factor 
in the development of nutritional edema and is usually below 2.5 gm. 
per 100 ¢.c. in these cases. Weech and Line™ state that in their cases, 
mostly patients with malnutrition or dysentery, they have never ob- 
served edema if the serum albumin was over 2.9 em. per 100 ¢.c. and 
have never noticed the absence of edema when the serum albumin was 
less than 2.5 gm. per 100 ©.c. 

The clinical manifestations of hypoproteinemia are varied and may 
have an important and serious influence on the ultimate prognosis. 
TInasmuch as the edema which develops may involve the parenchymatous 
organs and the walls of the gastrointestinal tract, serious postopera- 
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tive complications may occur. Serious and occasionally fatal pulmo- 
nary edema!® often may be the first warning of an alteration in the body 
protein content. Intestinal obstruction as a postoperative complica- 
tion, particularly after procedures involving the formation of a new 
stoma in the gastrointestinal tract, has been shown by Meeray and 
his co-workers'* to be due very frequently to the lowered serum pro- 
teins which cause edema and closure of the newly formed stoma. 
Others have corroborated this finding. In addition, the effect of hypo- 
proteinemia on wound healing is of great significance. 

As noted in the case reported above, no evidence of healing of the 
abdominal incision was noted during the entire postoperative course, 
in spite of the fact that no semblance of infection was present. The 
wound edges were pale, glistening, and edematous, and, although 
secondary suture of the wound was performed, no acceleration of the 
healing process took place. This condition has been previously ob- 
served both clinically and experimentally. Whipple and Elliott! state 
that lowered serum proteins are a factor in retarding wound healing 
and Clark?’ and Harvey and Ilowes?! have noted that a high protein 
diet increased the rapidity of wound healing and eliminated the 
quiescent phase. Thompson, Ravdin, and Frank?? have shown that, 


20 


in dogs with artificially induced hypoproteinemia, 72 per cent of the 
animals showed either disruption or delayed healing of abdominal 
incisions. The wounds in their experimental animals were pale, glisten- 
ing, and edematous and showed little bleeding, a finding very similar 
to the one noted above. Microscopically, there was intercellular edema 
and greatly decreased fibroblast formation. Also, Thompson! and his 
co-workers have shown that, if the concentration of the blood proteins 
in these dogs can be restored to normal and maintained there by the 
use of lyophilized plasma, wound healing will occur. 

The importance of the vitamin balance in surgical states has been 
stressed recently. Although no specific laboratory tests were per- 
formed to determine the vitamin content, it seems apparent that this 
patient was suffering from at least an early form of seurvy. Lund** 
has observed a large incidence of lowered vitamin (C levels in a series 
of varied types of surgical cases. Others have made this observation 
in cases of peptic ulcer, ulcerative colitis, and allied conditions. Vor- 
haus** has pointed out that there is greatly diminished absorption of 
vitamins in cases exhibiting alterations in the mucosa of the gastro- 
intestinal tract or where diarrhea is marked, both factors being pres- 
ent in regional enteritis. Although the dangers inherent in this state 
are well-recognized, the importance of vitamin C in wound healing is 
just being appreciated. Wolbach and Howe?’ noted that wounds in 


animals with scurvy will not heal well; Vorhaus pointed out that 


collagen formation is markedly retarded in vitamin C deficiency states ; 
and Lamnan and Ingalls?° have shown the relationship between ascorbic 
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acid and collagen formation and the inability of tissues deficient in 
vitamin C to produce intercellular substances necessary for fibroblastic 
repair. The last authors have produced asymptomatic scurvy in guinea 
pigs and have noted that healing was delayed and the wounds were 
of poor tensile strength. 

It is apparent from the foregoing observations that the concept of 
the problem of wound healing must be broadened to include the fac- 
tors of adequate vitamin balance and serum protein levels. Both e¢lin- 
ical and experimental observations have shown these factors to be 
important, and, while the many other factors influencing wound heal- 


ing should not be overlooked, it is probable that in the seriously ill 


surgical patient wound healing will be accelerated if replacement of 
vitamins and proteins is accomplished. It is well known that certain 
types of patients, e.g., carcinoma cases, will exhibit poor healing of 
their operative incisions. It may be possible that depletion of serum 
proteins and deficient vitamin balance are the causative factors in 
these cases. 

This presentation illustrates the fact that nutritional disturbances 
of various types can and do occur in regional enteritis. As stated 
above, the severe diarrhea, the decrease in the effective absorptive 
surface of the small bowel, and the deficient diet upon which most of 
these patients subsist should lead the clinician to expect a deficiency 
in the nutritional state. This deficiency may be very severe and may 
be the lethal factor, or it may, as is most common, be very mild and 
not become obvious until an operative procedure has aggravated the 
pre-existing borderline state. In many cases edema may not be evi- 
dent because of marked dehydration and will appear when the water 
balance is restored to normal. In other cases the excessive administra- 
tion of saline solution in the postoperative state when oral feeding is 
contraindicated will be the causative factor in producing edema in 
patients with only mild hypoproteinemia. The effect of salt depriva- 
tion on patients with nephritic edema is well known.'* Weech and 
Ling™ have shown that the edema due to nutritional factors is simi- 
larly influenced by sodium chloride. Conversely, it has been shown 
by many observers that excessive salt intake in a seriously ill patient, 
when the kidney function is doubtlessly somewhat lowered, will cause 
edema,” *° and this is more certain if the serum proteins are depleted. 
The rational administration of salt to surgical cases by the method 
described by Bartlett, Bingham, and Pedersen** to make up the salt 
deficit and then the replacement of lost body fluids volume by volume 
with Ringer’s solution or similar preparations is suggested. In this 
way adequate salt will be supplied and the harmful effect of the edema- 
producing potentialities of this essential substance will not be exhibited. 
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TREATMENT 


Replacement of proteins in cases of hypoproteinemia in which the 
critical level has been reached is of the utmost importance. The fre- 
quent use of transfusions of whole blood or plasma is essential. High 
protein diets are of great benefit when feasible and where intestinal 
absorption is unimpaired. Milk, eggs, and gelatin are usually well 
tolerated and are a good source of proteins. The use of prepared or 
lyophilized plasma and synthetic amino acid**® preparations is in the 
experimental stage, but may prove of great value. Digitalis, diuretics, 
and other cardiorenal stimulants are of no value in combating nutri- 
tional edema. In addition. vitamins are essential and should be ad- 
ministered in adequate doses, consideration being accorded to the 
possibility that there may be lack of absorption and utilization. The 
schedule of vitamin administration advocated by Vorhaus** for sur- 
gical cases seems adequate. 


SUMMARY AND CONCLUSIONS 


1. A case of extensive regional enteritis involving all but six feet 
of small intestine and exhibiting marked nutritional disturbances is 
presented, 

2. Nutritional disturbances should be anticipated in this disease 
entity because of the nature of the pathologic changes which occur 


and the symptomatology. 

3. Hypoproteinemia and avitaminosis are amone the most important 
nutritional changes encountered in surgical cases. 

4. The effect of these two states on postoperative complications and 
particularly on wound healing is briefly discussed. 

5. Treatment consists of administration of protein by mouth and by 
transfusions of whole blood or plasma and an adequate schedule of 
vitamin administration, either orally or parenterally. 
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NECROTIZING ARTERITIS (PERIARTERITIS NODOSA) 
C. F. Sawyer, M.D., Cuicago, Iu. 


N 1852 Rokitansky' noted certain nodules upon the coronary and 


mesenteric arteries of a man who had died suddenly with abdominal 


symptoms. Many years later a microscopic examination of these pre- 


served tissues was said to show ‘“‘periarteritis nodosa.’’ Kussmaul and 


Maier? in 1866 first accurately described a definite inflammatory dis- 


ease of the medium and small arteries and called the condition ‘* peri- 


arteritis nodosa.’’ Since their description, well over two hundred 
cases have been reported. 

Necrotizing arteritis has been suggested as a more apt term than 
periarteritis nodosa for this condition. All the coats of the affected 
arteries are involved in the inflammatory necrotizing process and the 
nodules are not always found. The prominence of these nodes in the 
criginal conception of the disease no doubt justified the terminology, 
but today the very name of nodosa unfortunately may lead to lack of 
recognition of the condition, both before and after death. While prefer- 
able, necrotizing arteritis may still not be sufficiently distinctive to be- 
come the ideal name. Its most constant feature is the degeneration and 
hyalinization of the media of the small arterial blood vessels. It is not 
a common clinical or pathologic entity, but our present knowledge sug- 
gests that many times it has been mistaken clinically for various diseases 
of the kidney, heart, and abdomen, and at autopsy hemorrhages, in- 
farctions, thromboses, and aneurysms have been discovered without a 
full appreciation of their significance as a part of the picture of peri- 
arteritis nodosa. 

The condition seems more common in middle adult life, although 
case reports record 3 months and 78 years as the two extremes in age. 
The total number of cases reported is still too small to formulate definite 
conclusions, but thus far over two-thirds of the cases have been in the 
male sex. A survey of the literature and reports of cases emphasize the 
lack of uniformity of much of the statistical data about this disease. 

Many theories as to etiology have been expressed but none universally 
accepted. Early attempts to show a relationship to syphilis have been 
unsuccessful. It is usually thought to have a background of infection. 
Its connection with streptococcic and mixed infections has been 
studied, and especially its relationship to rheumatic fever. Some in- 
vestigators (Cohen, Kline, and Young*) think it due to ‘‘a manifestation 
of clinical allergy of severe degree.’’ 

The process begins as a necrosis of the media of the smaller arteries 
and arterioles. From the media the inflammation extends outward to 
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the adventitia and a periarteritis develops. It extends inward at the 
same time to the intima where necrosis may lead to thrombosis. Endo- 
thelial or subintimal proliferation causes a narrowing or occlusion of 
the vessel lumen. The part supplied by the vessel will become ischemic, 
and infective and nutritional disturbances are probable. All parts of 
the vessel wall show a marked leucocytic infiltration and beginning 
granulation tissue formation. With the damage of the arterial wall and 
the continued arterial pressure, the wall may give way in certain areas 
with the formation of false aneurysms, followed by rupture and hemor- 
rhage. This constitutes the acute stage of the disease. It may become 
subacute and chronic, with the gradual replacement of the acute inflam- 
matory elements by connective tissue, at first poorly organized, but in 
the end stage a fair type of scar tissue. Some canalization of the 
thrombi may occur and if not too badly damaged by the primary 


necrotizing process, there may be some return of the vessel function. 
The disease at times may be limited to small sections of the vessel with 
adjacent areas uninvolved. The veins and large elastic arteries do not 
show degeneration. The so-called nodules found at autopsy are formed 
by the multiple thrombosed aneurysms springing from small-sized 


vessels. 

Arteries of all parts of the body may be affected. The renal, coro- 
nary, mesenteric, hepatic, and peripheral vessels, including those sup- 
plying peripheral nerves, are commonly involved. The arteries of one 
organ only or a part of one organ may be degenerated, or multiple 
organs and tissues may show the characteristic lesions. 

The diversity of distribution in the pathologie picture suggests the 
multiplicity of forms that are encountered in the clinical course of the 
disease. Because of this complexity, classification of the disease into 
clinical types is difficult. The two aspects to be considered are the basic 
local degenerative changes produced in the small arteries of certain tis- 
sues or organs and the effect produced on those tissues or organs by the 
serious interference with blood supply. 

Kernohan and Woltman,* in reporting five cases, emphasized the 
nerve lesions produced and considered that ‘‘these are solely the result 
of inadequate blood supply.’’> In common with other writers they have 
observed periarteritis nodosa at different stages of evolution, even in 
the same case. This probably explains the exacerbations and remissions 
which occur in this disease. 

Distinctive symptoms will depend upon the organ most involved and 
the degree of that involvement. The renal, cardiac, peripheral nerve, 
or gastrointestinal symptoms may be the most pronounced. There is 
likely to be loss of weight and strength. Anemia and pallor may be 
marked. There is usually a low grade fever, and a syndrome suggestive 
of subacute sepsis may be present. Besides the inconstant nodes, there 


SAWYER: NECROTIZING ARTERITIS 719 


may be various skin eruptions and purpura is common. Tachycardia 


is noted in some cases and hypertension in many. Symptoms referable 


to the kidneys are the most constant of all. Albuminuria is usually 
present. 

The frequent involvement of the end arteries in the gastric, mesen- 
teric, and hepatic circulations accounts for the nausea and vomiting, 
anorexia, cramplike abdominal pain, constipation, diarrhea and ocea- 
sional hemorrhages. The symptoms may suggest an acute surgical ab- 
domen and in certain cases, as of peritonitis from a ruptured viseus, one 
actually may exist. Multiple infarets in the liver are found and liver 
and spleen are frequently enlarged. The white blood count may be nor- 
mal, but it is usually increased and in 10 per cent of cases there is an 
eosinophilia. The negative blood culture may be of some significance. 

In a high percentage of cases there is extensive involvement of the 
peripheral nerves of both the upper and lower extremities with pain, 
tenderness, anesthesia, paralysis, and nutritional disturbances. Special 
sense organs may be, but are less frequently, affected. 

There is no dependable pattern for the clinical course in any ease. 
The unexplained fever, the loss of weight and strength, the polyneuritis 
and polymyositis, the skin manifestations may lead to the correct diag- 
nosis. 

The difficulties of correct clinical diagnosis are shown by the many 
disease conditions to be differentiated from it. Miliary tuberculosis, 
typhoid, rheumatism, septicemia, hemorrhagic nephritis, cardiae insuffi- 
ciency, trichinosis, dysentery, polyneuritis, hemiplegia, and several 
others have been clinical diagnoses made when autopsy or biopsy showed 
necrotizing arteritis. To this list the present case report adds carcinoma 
of the colon. 

CASE REPORT 

Mrs. W. K. first appeared at office for examination April 14, 1927. She was 
then 42 years of age, had been married twenty-one years, and was the mother of 
two children. She had been in a sanitarium six months previously for one month 
under treatment for severe daily headaches, nervousness, insomnia, and general 
weakness. All her teeth had been extracted a month before coming to office. She 
complained of severe headaches, vertigo, menorrhagia, and constipation. She had 
a systolic pressure of 192 and diastolic of 120, Her temperature was 99.5°. There 
was a trace of albumin in the urine. Her blood count showed 7,000 W.B.C. and 
3,240,000 R.B.C., with a hemoglobin of 55 per cent. The Wassermann test was 
negative. Pelvic, as well as other general, examination was essentially negative. 
During the sueceeding three months she appeared at the office four times and 
had an average of 1° of fever each time, except the last visit, when temperature 
was normal. Her systolic pressure dropped twenty points and other symptoms 
disappeared. No satisfactory explanation for the fever was found. 

She next appeared at the office Jan. 11, 1932, four and one-half years later. 
Her complaints were very similar to those of her first appearance, as were also 
the findings. In addition, however, she now presented some very annoying skin 
eruptions, at first of an urticarial type and a month later, a purpura. She also 
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complained of pain and soreness in her right leg. The course was very like that 


of four years previously, with considerable improvement shown when last seen 
late in February, 1932. 

Nothing more was heard from her until Jan. 28, 1935, approximately seven and 
one-half years after her first and three years after her second period of illness. 
She stated she had felt fairly well, except for headaches, until about Nov. 1, 1954. 
Most of the old symptoms gradually had recurred and recently there had developed 
considerable abdominal pain. This was of an aching rather than a cramping type 
and was definitely worse in the right lower quadrant. She had become markedly 
constiprted and twice had noted what she thought to be blood in the stool. She 
had lost fifteen pounds in weight. Her systolic pressure was 215 and there was 
a good trace of albumin in the urine. There was some general abdominal tender- 
ness, more marked on the right side, but no definite tumor mass was palpated. 
She consented to enter Mercy Hospital the following morning for proper examina- 
tion. However, on her way home from the office, and within one block of her 
home, she had a sudden severe bowel hemorrhage. A large quantity of blood was 
lost and she was carried into her home in a condition of shock. Later the same 
evening she was transferred to the hospital. 

During the following seventy-two hours, efforts to arrest the bowel hemorrhage, 
with the hope of more complete examination and treatment, were unsuccessful. 
On Jan. 29, the R.B.C. was 5,500,000; the hemoglobin, 60 per cent; and the W.B.C., 
12,600 with 82 per cent polymorphonuclears, 15 per cent lymphocytes, 3 per cent 
monocytes, and no eosinophiles. Her blood pressure was 125/90. 

On the third evening there was again a copious bowel hemorrhage and immediate 
intervention was decided upon as the only hope of relief. At this time a mass 
was plainly evident in the right lower quadrant. Under ethylene anesthesia, in- 
cision was made over the mass. This was found to be an irregular indurated 
obstructing tumor involving the cecum. The cecum with appendix and the adjacent 
ileum and ascending colon were mobilized sufficiently and delivered outside the 
abdominal wall by exteriorization procedure. This mass was removed by cautery 
the following day. She seemed to rally under usual measures with blood trans- 
fusion, ete., but there was a complete suppression of urine following operation 
and she died with symptoms of uremia thirty-four hours later. Unfortunately no 
consent for autopsy could be secured, 

The pathologist’s (Dr. E. L. Benjamin) report on the specimen submitted was as 
follows: ‘*The specimen received consists of the cecum, vermiform appendix, and 
the distal 6 em. of the ileum. The large bowel measures 16 em. The ileocecal 
valve is normal and admits the index finger with ease. The mucosa is smooth 
and gray-pink, except for a 4 by 5 mm. outpouching of the mucosa located 1 em. 
distal to the valve. This contains blood. There are two other areas located in 
the mucosa of the cecum near the above-described lesion which are about 1 ¢m. 
in diameter and are a dull, pale gray and slightly depressed. The mesentery is 
firm to friable, heavily infiltrated, and red-brown to gray-red. The microscopic 
picture resembles a necrotizing arteritis with secondary thrombosis (Mikuliez 
procedure) of the secondary loops of the cecal branch of the terminal ileocolie 
artery with resultant coagulation necrosis and hemorrhagic extravasation. A cer- 
tain period of time has elapsed between the onset of the pathologic process and 
the removal of the specimen. The evidence for this statement is revealed in the 
abundant secondary infiltration of the mesentery and the wall of the bowel by 
areas of degeneration of the mucosa of the cecum and beginning ulceration. The 
type cells consist of polyblasts, lymphoid cells, polymorphonuclear leucocytes, and 
macrophages containing hemosiderin, cellular debris, and fat globules. The muscle 
wall has been rent asunder by the marked extravasation, edema, and fibrin de- 
posits. Fibrinoid necrosis is present along the peritoneal surface of the mesentery 
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and in the mucosal areas of degeneration. In some areas young granulation tissue 
is forming as seen by the angioblastic and fibroblastie proliferation and the tissue 


cell infiltration, The massive hemorrhage in all probability issued from a disrup- 


tion of the vessels and mucosa in the area described above. The vermiform 


appendix is filled with blood, but it is otherwise normal. Diagnosis: Necrotizing 


arteritis with thrombosis, necrosis of the wall of the bowel and hemorrhage.’’ 


COMMENT 


While the massive hemorrhage did not entirely fit into the picture, 
the clinical course in the last illness was more than suggestive of a 


carcinoma of the cecum. Speculation in this case is interesting. Were 


the attacks seven and three years before definite forerunners of the 
final one? We know the kidney is the organ most often involved in 
this disease and some kidney disturbance seems fairly probable from 


the first in this case as albumin was persistently found and compiete 


anuria was the final cause of death. 


Most of the reported cases of necrotizing arteritis have been discov- 
ered at autopsy. In most of them the clinical history has been brief. 


Remissions in the course of the disease may occur. It is possible many 


mild cases may exist and go on to spontaneous recovery without being 


recognized. 


Theoretically any organ or tissue in the body may become involved 


in this pathologic process. The degree of necrosis, of degeneration, of 
thrombosis and infarction, of fibrous tissue replacement, and, in this 
case, of hemorrhage will determine the particular type of symptoms in 


the diseased organs or tissues. There is no specific pathognomonic 


symptom to suggest the actual diseased condition. With such a patho- 


logic picture, the difficulties of an accurate diagnosis, except by biopsy 


or autopsy, are quite apparent. A hopeful sign is that, whereas all the 


earlier cases were first discovered post mortem, there are an increasing 


number being diagnosed ante mortem, either through a study of the 


clinical course or by biopsy. As we become more conscious of necrotiz- 
ing arteritis, our percentage of correct diagnoses will improve. Is it 
too much to hope that with our greater knowledge some more satisfac- 


tory mode of treatment may be found? 
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EDEMA AND CONGESTION OF THE LUNGS RESULTING FROM 
INTRACRANIAL HEMORRHAGE 


SypNeEY J. WEISMAN, B.S., MINNEAPOLIS, MINN. 
(From the Department of Pathology, University of Minnesota Medical School) 


ATHOLOGISTS have observed at the autopsy table that in cases of 
intracranial hemorrhage there is often a marked pulmonary edema 
and congestion. Many theories have been advanced, but as yet there is 


no unanimity of opinion ccncerning the basic cause. The purpose of 
this study is to record the condition of the lungs in 686 cases in which 


death was due to intracranial hemorrhage. 


HISTORICAL REVIEW 


Hess! found pulmonary edema in cases of brain tumor, epilepsy with 
death during a convulsion, various diseases of the medulla, and diseases 
of the peripheral vagus. Of special interest is his observation that pul- 
monary edema results from injuries to the central nervous system. He 
reports that Moutier in 1918 was the first to notice edema of the lungs 
after gunshot wounds of the head, the edema occurring within one hour 
after the accident, with a slow pulse and a rising blood pressure. Hess 
concluded that the cause of the edema of the lunes was related to both 
the vagus and the sympathetic innervation of the lung. 

Brunn? produced edema of the lungs in dogs by section of the vagi 
followed by an intravenous injection of 1 per cent NaCl. He also noted 
that, if he ligatured the pedicles of the kidneys before cutting the vagi 
and giving intravenous NaCl, edema of the lunes did not develop. 

Farber,* working on rabbits and guinea pigs, reported results similar 
to those of Brunn. After bilateral cervical vagotomy, the lungs were 
found to be congested and edematous. With well-controlled experiments 
he demonstrated that neither laryngeal paralysis nor alterations in the 
heart were essential to the production of pulmonary edema, but that the 
loss of innervation of the lungs was the essential factor. Under direct 
observation he demonstrated that edema developed gradually and _ in- 
creased slowly in amount and that congestion preceded and accompanied 
the development of edema. He found further that there were in the 
rabbit lung strong parasympathetic vasoconstrictor fibers and weak 
sympathetic vasoconstrictor fibers. From this he concluded that ‘‘see- 
tion of the cervical vagus nerves deprives the pulmonary vessels of a 
mechanism necessary in the adjustments of pulmonary vascular dy- 
namies.’’ He also concluded that ‘‘assuming some sympathetic vasocon- 
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strictor control is left intaet—only a weak degree of tone can be pres- 


ent, and apparently in an amount insufficient to meet the demands of 


altered, or even normal pulmonary vascular dynamiecs.’’ From his con- 
clusions on these animal experiments, Farber postulates that neuro- 
pathic pulmonary edema in man is perhaps caused by some disturbances, 
cither peripheral or central, in the vasomotor control of the pulmonary 
vessels. 

Benassi? has reported some interesting and relevant observations. 
Working with dogs and rabbits, he increased intracranial pressure by 
injections after trephining and by draining blood from the carotid 
artery to the cranial cavity, in the latter case also performing a bilateral 
vagotomy. In both of these experiments the animals died with pul- 
monary edema and congestion. He cited a few clinical cases of death 
from pulmonary edema after cerebral traumatism, and he noted that 
there was less edema with an open fracture than with a closed fracture 
and the formation of a clot. From his experiments and clinical obser- 
vations, Benassi concluded that in certain cerebral lesions the danger 
lies in the lungs and not in the brain, that pulmonary edema does not 
indicate merely trouble with the pulmonary circulation but trouble with 
the general circulation, and finally that pulmonary edema in his cases 
was due to a ‘‘hyperepinephrinism which entails a severe hypertension. ”’ 
It would seem that this last conclusion regarding the ‘*‘ hyperepinephrin- 
ism’’ lacks sufficient experimental proof. 

Much experimental work on pulmonary edema has been done by Moon 
and his associates, approaching the problem from the point of view of 
shock. In an early publication” Moon concluded that an increased con- 
centration of the blood is a constant feature of surgical or traumatic 
shock, the degree of concentration seeming to be in proportion to the 
degree of severity of the shock. He also concluded that the circulatory 
changes, e.g., congestion and edema of the lungs, are not characteristic 
of any particular type of shock, but are constantly the same in shock 
from any cause. Moon® stated further that the shock syndrome, as 
produced in any manner, experimental or traumatic, is due to a ‘‘dis- 
parity between the volume of blood and the volume capacity of the vas- 
cular system.’” He considers traumatic shock as sometimes due to ab- 
sorption of substances which injure the capillary walls and thereby 
cause an escape of plasma into the tissue spaces with resulting hemocon- 
centration and circulatory failure ‘‘ which are characteristic of shock.’’ 
In his experimental work Moon has found edema of the lungs more 
marked when shock develops gradually and death is not immediate; but 
when shock and death are rapid, congestion and capillary hemorrhages 
are more prominent than edema. He believes that many cases of pneu- 
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monia secondary to lesions of the central nervous system have their 
origin in this type of circulatory disturbance when neither death nor 
recovery occurs soon. Further work by Moon‘ ® has substantiated his 
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conclusions as to hemoconcentration in shock and as to the role of shock 
in the production of pulmonary edema and congestion. 

All of the work on shock done by Moon is condensed in his represen- 
tation of the ‘‘vicious circle of shock,’ 1! showing that injury to 
capillaries, capillary atony, hemoconcentration, and tissue anoxia are all 
inter-related in the production of edema and congestion and terminal 
pneumonia. Moon!* considers congestion, stasis, and edema the essen- 
tial pathologic pattern of shock and the initial factors in many cases of 
terminal pneumonia. It is of interest here to point out the work of 
Robertson'® who has found that in experimental lobar pneumonia the 


first stage is pulmonary edema. 


There have been isolated accounts of pulmonary edema resulting from 
various therapeutic measures. Cooke! reported a case of severe edema 


of the lungs in a young woman who died fifteen minutes after the in- 
jection of 19 gr. of eserine. Nielsin and co-workers!” reported twenty- 


six cases of schizophrenia treated with insulin shock in which three de- 
veloped serious but nonfatal pulmonary edema. Messinger!® reported 
peripheral vasomotor phenomena, e.g., flushing or pallor, with insulin 


shock treatment in schizophrenia. 
At the present time it seems that shock, as described by Moon, would 
account for the pulmonary pathology seen in fatal cases of intracranial 


hemorrhage. 


PERSONAL OBSERVATIONS 


From the autopsy records of the Department of Pathology of the 
University of Minnesota, all the cases of traumatic and spontaneous 
intracranial hemorrhage during the years 1932 to 1937, inclusive, were 
selected for study. The following features of each case were recorded : 
sex, age, type of hemorrhage (spontaneous or traumatic), combined 
weight of the lungs, pathology of the lungs, and the time interval be- 
tween the occurrence of the hemorrhage and death. As controls 200 
cases were selected at random in which the lunes were normal and in 
which there was no intracranial lesion or heart disease. <A total of 886 
cases has been studied, which includes 226 cases of spontaneous hemor- 
rhage, 460 cases of traumatic hemorrhage, and 200 control cases. 

The sex distribution is shown in Table I. In the traumatic group 
there is a great preponderance of males, but both sexes are well repre- 
sented in the other groups. 


TABLE I 


SEX DISTRIBUTION OF CASES OF HEMORRHAGE AND OF CONTROLS 


MALES FEMALES “TOTAL | 
Spontaneous hemorrhage 148 83 
Traumatic hemorrhage 396 64 460 


85 115 200 


Controls 


| 


~~ 100-200 0 
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In Table II it is shown that the distribution by age is essentially the 
same in all three groups. Therefore, any differences in the groups can- 
not be attributed to the influence of age. 


IT 


AGE DISTRIBUTION OF CASES OF HEMORRHAGE AND OF CONTROLS 


| SPONTANEOUS | 
| TRAUMATIC HEMORRHAGE CONTROLS 
| HEMORRHAGE — 


| NUMBER y NUMBER ) NUMBER | 
23 5. 3 
20-30 63 12 
30-40 74 ip 20) 
40-50 
50-60 
60-70 
70-80 
80-90 
90-100 


The purpose of this study was to determine whether edema and con- 
gestion of the lungs are constantly associated with fatal intracranial 
hemorrhage and whether the pulmonary lesions found with spontaneous 
hemorrhage are different from those found with traumatic hemorrhage. 
The combined weights of the lunes in 460 cases of traumatie intra- 
cranial hemorrhage and in 226 cases of spontaneous intracranial hemor- 
rhage are shown in Table III. It is seen that practically no differences 


TABLE ITI 


COMBINED WEIGHTS OF THE LUNGS IN ALL CASES OF INTRACRANIAL HEMORRHAGE 
AND IN CONTROL CASES 


COMBINED | TRAUMATIC SPONTANEOUS CONTROL 


WEIGHT OF | 


THE LUNGS 7 | NUMBER | % | NUMBER 


200-300 0 
300-400 2 
500-600 200 
600-700 
700-800 38 13 
800-900 
900-1,000 
1,000-1,100 
1,100-1,200 
1,200-1,300 | 
1,309-1,400 
1,400-1,500 
1,500-1,600 
1,600-1,700 
1,700-1,890 
1,800-1,900 
1,900-2,000 
2 ,000-2,100 
2,100-2,200 


7 


SS 


— 


0 0 | 
2 0.9 
2,200-2,300 | 0 () 
2.300-2,400 | | 0 


Wwe 


| | 
2,400-2,500 | 0 0 
“| 1000 | 226 100.0 200 100.0 


%e 
3.0 
11.0 
14.0 
20.0 
18.5 
17.0 
13.5 
i 3.0 
0 
0) 1 0.5 
0.9 16 8.0 
0.9 48 24.0 
58 | 56 28.0 
9.2 38 19.0 
5.8 28 14.0 
9 4.5 
12.4 4 2.0. 
12.0 0 
11-0 0 0 
10.6 0) 0) 
4.8 0 0 
| 3.9 
| 3.9 
| 3.1 
3.9 
| 3.5 | | 
| 
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exist between these two groups. In this chart there are included the 
cases in which there was also a pneumonia, either macroscopic or micro- 


scopic. Of significance is a comparison between the weights of the 


lungs in the cases of hemorrhage and in the control cases. In the con- 
trol cases only 2 per cent of the combined weights of the lungs exceeded 
900 gm.; whereas, in the traumatic and spontaneous groups 73.3 per 
cent and 68.0 per cent, respectively, exceeded 900 gm. In the traumatic 
group 27.8 per cent of the cases with lungs weighing over 900 gm. 


showed pneumonia to some extent; whereas, the corresponding percent- 


age in the spontaneous group was 32.3. 


In Table IV the weights of the lunes are shown in all cases in which 
death occurred within twelve hours of the hemorrhage, those cases with 


pneumonia being excluded. It is to be noted that the traumatic and 


the spontaneous cases are distributed about equally in the various 
weight groups and that 64.9 per cent of the former and 74.6 per cent 
of the latter have lungs weighing over 900 gm., as compared with 2 per 
cent in the control group. In Table V the cases are shown in which 
death occurred within six hours of the hemorrhage. It is noted that in 
64.2 per cent of the traumatic group and in 74.6 per cent of the spon- 
taneous group the lungs weighed over 900 gm. 

The question now arises as to how rapidly edema and congestion of 
There were in the traumatice group 60 cases in which 


the lungs develop. 


TABLE IV 


COMBINED WEIGHTS OF THE LUNGS IN CASES OF INTRACRANIAL HEMORRHAGE IN WHICH 
DEATH OccuRRED WITHIN TWELVE Hours (CASES WITH PNEUMONIA ARE OMITTED) 


anne TRAUMATIC SPONTANEOUS CONTROL 

WEIGHT OF 

THE LUNGS NUMBER Jo NUMBER % NUMBER %o 
100-200 0 0 0 0 0 0 
200-300 0 0 0 0 1 0.5 
300-400 0 0 0 0 16 8.0 
400-500 3 1.4 1 1.5 48 24.0 
500-600 10 4.6 4 5.9 56 28.0 
600-700 18 8.2 3 4.5 38 19.0 
700-800 20 9.1 3 4.5 28 14.0 
800-900 26 11.9 6 8.9 9 4.5 
900-1,000 25 11.4 9 13.4 4 2.0 

1,000-1,100 28 12.8 9 13.4 0 0 

1,100-1,200 24 10.9 5 7.5 0 0 

1,200-1,300 14 6.9 6 8.9 0 0 

1,300-1,400 18 8.2 7 10.5 0 0 

1,400-1,500 11 5.0 3 4.5 

1,500-1,600 10 4.6 2 3.0 

1,600-1,700 7 3.2 3 4.5 

1,700-1,800 1 0.5 1 1.5 

1,800-1,900 2 0.9 1 1.5 

1,900-2,000 0 0 2 3.0 

2,000-2,100 2 0.9 0) 0 

2,100-2,200 0 0 2 3.0 

2,200-2,300 0 0 0 0 

67 100.0 


> 
) 
F 
4 


WEISMAN: EDEMA AND CONGESTION OF LUNGS 


TABLE V 


COMBINED WEIGHTS OF THE LUNGS IN CASES OF INTRACRANIAL HEMORRHAGE IN WHICIL 
DEATH OCCURRED WITHIN 6 Hours (ALL CASES WITH PNEUMONIA EXCLUDED) 


COMBINED 
WEIGHT OF 
THE LUNGS / NUMBER Yo NUMBER 
100-200 0 
200-300 1 
300-400 16 
400-500 1 48 
500-600 56 
600-700 
700-800 
800-900 
900-1,000 
1,000-1,100 
1,100-1,200 
1,200-1,300 
1,300-1,400 
1,400-1,500 
1,500-1,600 
1,600-1,700 
1,700-1,800 
1,800-1,900 
1,900-2,000 
2,000-2,100 
2,100-2,200 
2,200-2,300 


TRAUMATIC SPONTANEOUS CONTROL 


Oo 


wa 


| 
[100.0 | 


179 200 100.0 


i=) 


death occurred within one hour after the injury. Of these cases (Table 
VI) 56.7 per cent showed lungs weighing over 900 gm. The number of 
spontaneous cases with a time interval of one hour or less is too small 
for comparison. It appears that edema and congestion of the lungs in 
cases of traumatic intracranial hemorrhage develop within one hour to 
a point which is later exceeded but little, unless pneumonia supervenes. 

There were 13 cases of spontaneous hemorrhage in which death oc- 
curred in one hour or less. The average combined weight of the lungs is 
1,102.7 gm., with 9 cases out of the 13 showing a weight over 900 gm. 
One patient in this group lived only twenty-five minutes, but the com- 
bined weight of the lunes was 1,425 gm., due to a severe edema and 
congestion, 

In the traumatic group there were 23 patients who lived one-half hour 
or less after the hemorrhage. In 17 of these cases the combined weight 
of the lungs was over 900 gm. One patient who lived only twenty-five 
minutes had lungs weighing 2,050 em., due to severe edema and conges- 
tion. In 8 of 13 cases in which death occurred immediately the lungs 
weighed over 900 gm. It may be concluded that edema and congestion 
of the lungs develop in most cases of fatal intracranial hemorrhage 
within thirty minutes or one hour after the injury. 

It appears probable from the foregoing observations that edema and 
congestion of the lungs are contributing causes of death in cases of in- 
tracranial hemorrhage. 
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TABLE VI 


COMBINED WEIGHTS OF THE LUNGS IN CASES OF TRAUMATIC INTRACRANIAL HEMOR- 
RHAGE IN WuicH OccuRRED WITHIN 1 Hour 


COMBINED 
WEIGHT OF a 
THE LUNGS NUMBER 
100-200 0 
200-300 0 
300-400 
400-500 
500-600 
600-700 
700-800 
SO0-900 
900-1,000 
1,009-1,100 
1,100-1,200 
1,200-1,300 
1,300-1,400 
1,400-1,500 
1,500-1,690 
1,600-1,700 
1,700-1,800 
1,800-1,900 
1,900-2,000 
2 000-2,100 


CONTROL 


TRAUMATIC 


NUMBER 


100.0 


CONCLUSIONS 


1. The weights of the lunes in 686 cases of intracranial hemorrhage 
are recorded. 

2. In about two-thirds of the cases the combined weight of the lungs 
is over 900 gm., while in a control group only 2 per cent show lungs of 
this size. The increased weight is due chiefly to edema and congestion, 
and partly to pneumonia. 


3. There is no important difference in the lunes in the traumatie 
and the spontaneous groups. 

4. Edema and congestion of the lungs develop to a severe degree al- 
most immediately after an intracranial hemorrhage. 
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PYONEPHROSIS IN CONGENITAL POLYCYSTIC KIDNEYS* 
ALBERT E. GoLpstEIN, M.D., AND BEN Kuotrz, B.A., M.D., 


BALTIMORE, Mp. 
(From the Department of Genito-Urinary Surgery, Sinai Hospital) 


OLYCYSTIC disease of the kidneys occurs with sufficient frequency 

to place it in the class of not uncommon diseases. Necropsy sta- 
tistics support this view. Davis!’ reports a collected series of 67 cases 
of polycystic renal disease in 23,900 necropsies ; Oppenheimer,” in two 
series, reports 27 cases in 8,060 necropsies; Braasch and Schacht,* 9 
cases in 9,171; Ward,** 40 cases in over 14,000; Spencer,?° 
1,600 necropsies. These reports show that polycystic kidneys occurred 
150 times in 56,731 necropsies, or an incidence of 1:378. Stated more 
realistically, this disease occurs in a ratio of 1:3,500 in 220,000 hospital 
admissions and 1 :3,253 in 680,000 admissions according to Oppenheimer 


and to Braasch and Schacht, respectively. 


7 cases in 


Braasch and Schacht,? however, report a very high incidence of in- 
fection in these diseased kidneys; namely, 94 per cent in 193 cases; 
Oppenheimer?’ in 60 cases finds ‘*50 per cent of the cases showed some 
degree of mild infection as determined by the urinary findings while 
32 per cent showed definite pus in the urine.’’ In a clinical observa- 
tion of 31 cases, 27 of which came to operation or autopsy, Cumming? 
found pus and blood in the cysts of 19 (61 per cent). Davis states 
that in polycystic kidneys of adult life, especially after the age of 40 
years, 80 per cent developed hemorrhage or infection or both. Many 
other reports of one or more cases are to be found with varying degrees 
of infection. The extent of the infection is usually reported on the 
basis of the microscopic examination of the urinary sediment. These 
findings are stated customarily in general and in indefinite terms; for 
example, occasional to many white blood cells; white blood cells in 
clumps or large quantities; much pus; variable number of pus cells; 
numerous pus cells; three-plus pus, ete. Such reports are meant to 
convey the degree of the existing urinary infection; they do not neces- 
sarily give the associated local pathologic extent of the infection. The 
degrees of infection in polycystic kidneys have been’ divided into 
three main types: ‘‘In one type there is found pyelitis, pyelonephritis, 
or infected hydronephrosis. A second type is purulent infection loeal- 
ized to individual cysts. <A third type is a diffuse infection of the 


residual parenchyma as well as the cysts with occasional complicating 


*Read before the Mid-Atlantic Urological Society, White Sulphur Springs, W. Va., 
Jan. 22, 1938. 
Received for publication, May 11, 1939. 
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perforation and perinephric abscess.’’ Unless this additional informa- 
tion is given, the incidence of infection in polycystic kidneys, severe 
and extensive enough to be termed pyonephrosis, is more difficult to 
determine.* 

We wish to discuss in this report those individual cases of infection 
severe enough to include two or three of the above-mentioned arbitrary 
groups which, as a result, would bring up for consideration the ques- 
tion of surgical intervention. When the laboratory data and the 
clinical course of the patient strongly point to the existence of such 
extensive pathologic involvement, we then consider the case as one 
of pyonephrosis. Young*! states that ‘‘when a distended kidney pelvis 
contains pus it is known as a pyonephrosis, but the term is not exact, 
since there is no definite point of distinction between it and a slightly 
infected hydronephrosis. The interior of the pyonephrotie sae is irreg- 
ular in shape, owing to the distention of the various calyces to com- 
municating abscess cavities, or even to communications with the peri- 
renal tissues, so that its proper drainage through the ureter or through 
an incision is often impossible. Such cases lead often to intoxication 
or septicemia.”’ 

It is stated? that ‘‘suppuration is rare’’ in congenital polyeystic 
kidneys and from the few case reports (Table 1) found in the more or 
less recent literature one would be led to subscribe to this view. On 
the contrary, the reported very high incidence of infections in poly- 
cystic kidneys would lead one to believe that these kidneys are quite 
susceptible to infection and, as a result of such susceptibility, a state 
of pyonephrosis should be apt to develop more frequently than the 
reports indicate. It is because of this belief and because of the desire 
to re-emphasize the seriousness of infection in kidneys, already poor 
in function or inadequately able to take on this additional burden, 
that we wish to report three cases of pyonephrotic polveystic kidneys. 

One of us (A. E.G.) has encountered and examined twenty-nine 
cases of polycystic degeneration of the kidneys. The disease was bi- 
lateral in all cases. This was proved by operation, necropsy, or un- 
equivoeal bilateral pyelographic findings. Three, or 12 per cent, of 
these had undergone pyonephrotic changes on one side and necessitated 


surgical intervention, and primary nephrectomy was done in each ease. 
Relief of complaints and general improvement were obtained in all 
three cases. 


CASE 1.—N.R., male, barber, first seen in the out-patient department of Sinai 
Hospital, March 20, 1925, when he was 34 years old. He was complaining of pain in 
lower back of about nine months’ duration. No urinary symptoms except an oc- 
casional voiding one time at night. Voided urine showed 4 to 5 white blood eells 

*Since our paper was prepared, David M. Davis (New England J. Med., June 9, 


1938) expresses himself on the pathologic inexactness of the term pyonephrosis as 
now commonly used. 
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and an occasional red blood cell to high-power field; slight trace of albumin, Total 
intravenous phthalein revealed 42 per cent in sixty-five minutes. Cystoscopy at this 
time revealed 8 to 10 white blood cells to high-power field from the left kidney; right 
kidney urine was negative. Pyelogram of left side was read by roentgenologist as 


normal pelvis and calyces. Intravenous phthalein appeared in four minutes from the 


left kidney and gave 7 per cent in one-half hour; 23 per cent was collected trans- 
vesically during the same time. He received repeated lavages of left kidney up to 
October, 1925. In September, 1926, his urine was reported clear. He did not return 


to clinie until July, 1928, when he complained of voiding bloody urine at intervals 


for the previous three years. Cystoscopy now revealed blood coming from the left 


ureter. 


Fig. 1.—Case 1. Right pyeloureterogram taken in 1928; the left taken in 1925. 
These show typical bilateral pyelographic findings in polycystic kidneys. Here the 
right kidney pelvis appears more dilated, but this is a later picture than on the left. 
The left kidney was removed. 


The patient was admitted to the Sinai Hospital Medical Service on Aug. 7, 1928, 
and complained of pain in right side. Three weeks before admission he had a 
painless hematuria. Eight days before admission he had severe cramps in epigas- 
trium; these later localized under right costal margin; deep respiration was painful 
and this was still present. In last few days he had no nocturia and was voiding 
much less urine. He had been having frequent headaches with occasional dizziness 
and slightly impaired vision; frequent epistaxis in past eight months; occasional 
edema of extremities and eyelids; anorexia for past three weeks; no nausea or 
vomiting; chronically constipated. The family history was nonecontributory. In his 
past history he had had typhoid fever and typhoid osteomyelitis of spine at age 
27 years; pleurisy at 35 years of age; hemoptysis, eighteen years ago. Now stated 
he had nocturia two to three times for eighteen years. Was told by insurance 
company nine years ago that he had kidney trouble. Married eighteen years; three 
children living and well. Weight was 130 pounds in 1927; present, 160 pounds. 

Examination on admission revealed the following; Temperature, 99.8°F.; blood 
pressure, 136/90; abdomen negative, neither kidney palpable; external genitals 
normal; prostate normal, Hgb., 90 per cent (S), R.B.C., 4 million; W.B.C., 10,800 
with 73 per cent polymorphonuclears. Urine showed specific gravity of 1.005 to 
1.010; albumin, three plus; sugar, negative; microscopic examination of centrifuged 
specimen showed many W.B.C. with clumps, R.B.C., and casts. Intravenous phthalein 
showed 10 per cent in first hour and 5 per cent in second hour. Blood Wassermann 
negative; blood urea, 92 mg. per cent. 

Cystoscopy and retrograde pyelography of right side (Fig. 1) revealed some 
elongation of pelvis and calyces, dilatation and blunting of the calyceal ends, and 
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2—Case 1. Front view of the left kidney. This shows the multiple cysts of 
various sizes, typical of polycystic kidneys. 


Fig. 3.—Case 1. Bisection of the left kidney again showing the multiple cysts. The 
elongation of the pelvis and calyces is not well brought out in the photograph. 
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a real right angulation of the ureteropelvic juncture. Both kidney shadows were 
enlarged. Re-examination of the left pyelogram taken in 1925 revealed findings very 
similar to the above except the right angulation then was not so marked. Diagnosis 
of bilateral polycystic kidneys with pyonephrosis on the left was made. 

On Sept. 4, 1928, a left lumbar nephrectomy was performed under gas-ether 
anesthesia; convalescence was smooth. 

Gross Pathology.—Specimen consists of a kidney measuring 20 by 11.5 by 9 em. 
(Fig. 2). It is covered with numerous cysts on the anterior and posterior surfaces. 
Those on the posterior surface are more numerous and vary in size from 2 mm. to 
2.7 mm. in diameter. On the anterior surface the cysts are more numerous at the 
lower and middle portions. The ureter measures 3 mm. in diameter. It appears to 
be normal. The pelvis is intrarenal. There seems to be a separate vein going to the 
superior pole. There is a separate group of vessels going to the lower and middle 
portions. On cross section (Fig. 5) there are numerous cysts present throughout 
the entire substance of the kidney, through both the cortical and medullary portions. 
Some of the cysts in the cortical and medullary portions are hemorrhagic and eon- 
tain a hemorrhagie-like fluid. The pelvis is normal in size but shows some elonga- 
tion, particularly at the middle and terminal portions; the calyces are markedly 
elongated. The walls of the pelvis are rather thick and show numerous areas of 
hemorrhagic infiltration. There is little or no renal parenchymatous tissue visible. 
The cysts appear to be separate and distinct and each is lined by a thin wall. 

Microscopic Pathology.—Section 1, consists of a structure which is divided up 
into cysts. These are lined by an epithelium, cuboidal in shape, in single and mul- 
tiple layers. The cysts vary in size. There are numerous small ones, and occasional 
remains of tubules lined by similar epithelium. Occasionally, there are casts present 
in these tubules. The cysts themselves contain material which resembles serum. 
Occasionally there is fresh and old lemorrhage and phagocytic cells containing blood 
pigment. 


To prove definitely that the disease was bilateral in this case, the right kidney 
was explored Sept. 21, 1928, through a short lumbar incision. A typical polyeystic 
kidney was found. Convalescence again was uneventful and patient was discharged 
Oct. 2, 1928. On Oct. 15, 1928, his phthalein was 15 per cent in seventy-five minutes ; 
Nov. 14, 1928, it was 10 per cent in sixty-five minutes; Jan. 2, 1929, it was 9 per 
cent in sixty-five minutes. He was seen in the follow-up clinic Dee. 1, 1929, where 


it was reported that he had gained 12 pounds. He had nocturia one time, voided 
four to five times during the day. There were no other symptoms. Both wounds 
were well healed. He was seen once more and then failed to return. He died at 
home Feb. 11, 1931, after three days of complete anuria, almost two and one-half 
years after operation. 


CASE 2.—A.E.U., single male, aged 24 years, was first seen Aug. 14, 1935. Com- 
plained of pain in right side and back. Family history was noncontributory. Past 
history revealed auto accident nineteen years ago; patient struck on right side with 
a baseball about seven years ago; tonsillectomy, 1932; grippe, 1934; frequent heal 
colds which intensify symptoms of present illness; fractured right ankle one yeer 
ago. 

Present Illness.—Six years ago had peculiar pain in right abdomen and _ back. 
Pain relieved by pressure and by lying down. Pain not sharp and at times radiated 
to root of penis. Certain foods brought on the discomfort as did frequent head 
colds. Appendicitis was considered but changed to kidney trouble. At that time he 
was cystoscoped about twenty-five times, with relief after each treatment. No treat- 
ment in past five years, during which time he had felt fairly well. At present he 
has an oceasional annoying feeling on the right side. No urinary frequency. No 
nocturia, urgency, hesitancy, or hematuria; no stones passed; no nausea or vomiting. 
Present weight, 160 pounds; no recent loss. 
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Abdominal examination revealed the right kidney palpable, left kidney not 
palpable, and slight tenderness in right lower quadrant. External genitals were 
negative. Rectal examination revealed prostate of normal size and consistency. 
Voided urine cloudy; albumin, one plus; sugar, negative; 100 W.B.C., with clumps 
to high-power field in the centrifuged sediment. Methylene blue stain revealed no 
organisms. Blood pressure, 110/70. 

Plain x-ray showed right kidney elongated, left normal. Cystoscopy revealed 
normal bladder findings except for some redness around right ureteral orifice. No. 6 


catheter passed up each side without obstruction. Left kidney urine clear and 


negative for pus cells; right kidney urine slightly cloudy and showed many pus 
cells. Capacity right kidney pelvis was over 25 ¢.c.  Right-sided ureteropyelogram 
showed pelvis markedly dilated and dilated and blunted calyces with little cortical 
tissue. Ureter was dilated in some places. (Fig. 4.) Intravenous phthalein two 
weeks later showed no dye from the right kidney and 20 per cent from the left 
kidney in twenty minutes. Operation was advised for the right-sided pyohydrone- 
phrosis. 


Fig. 4. Fig. 5. 


Fig. 4.—Case 2. Retrograde pyelogram, showing dilatation of pelvis and calyces 
and reduced amount of cortical tissue. With pus coming from the right kidney, the 
diagnosis of pyonephrosis in an otherwise normal kidney was warranted. Note the 
absence of all pyelographic findings usually characteristic of polycystic kidneys. 

Fig. 5.—Case 2. An enlarged left kidney and definite elongation of the calyces are 
to be noted here in a man only 24 years of age. The findings were considered suf- 
ficient to make the diagnosis of polycystic kidney on this side, since operation revealed 
a polycystic kidney on the right side; furthermore, three years postoperatively this 
right kidney was palpable and nodular. 


On Nov. 22, 1935, under gas-oxygen anesthesia, a right nephrectomy was_per- 
formed through a lumbar incision. In addition to being pyonephrotic, the kidney 
was polycystic. Convalescence was uneventful and patient was discharged from 
hospital on Dee. 9, 1935. In the hospital the specific gravity of urine ranged from 
1.016 to 1.020; albumin, one plus. Postoperative urine showed 4 to 6 W.B.C. to 
high-power field and no R.B.C. or casts. Blood urea was 30 mg. per cent on ad- 
mission and 33.5 mg. per cent on discharge. The highest was 49 mg. per cent on 
the first postoperative day. 
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Gross Pathology.—Specimen consists of a kidney measuring 12 by 6 by 4.5 em. 
(Fig. 6). The kidney presents numerous large and small cysts, elevated and choco- 
late in color. The largest cyst is about the size of a walnut and the smallest is about 
the size of a pinhead. The cysts are on both surfaces. The pelvis is extrarenal and 
measures 7 em. in diameter. The ureteropelvic juncture makes its exit in a normal 
fashion and is apparently in a higher position than usual because the pelvis below 
this juncture has a pouch-like shape. The pelvis contains purulent urine. On bi- 
section there is a discharge of some purulent urine and also some clear and chocolate- 
colored fluid. The pelvis is considerably dilated and the calyces likewise. The 
mucous membrane of the pelvis is smooth for the most part. The entire cortex is 
replaced by large and small cysts which do not seem to communicate with the calyces. 
There is no evidence of any normal cortical tissue. There is no visible perirenal 
fat. On incision of the pelvis down to the point of the ureter, it is observed that 
there is no stricture present but just a narrowing of the ureter, which, when opened, 
measures 7 


right kidney section rt kidney 


Fig. 6.—Case 2. Drawings of the right pyonephrotic polycystic kidney during and 
after its removal. Details are given in the pathologic report. 


Microscopic Pathology.—Section 1 is that of kidney showing many tubules which 
contain polymorphonuclear exudation. The epithelium of the convoluted tubules 
shows almost complete destruction. There are several cireumseribed areas of abscess 
formation in the interstitial tissue. There are numerous round cells throughout and 
a number of cystic areas containing mucoid material. 

Section 2 from the pelvis of the kidney shows numerous round and spindle cell 
infiltrations throughout the muscular coat. The mucosa is absent. There is a small 
circumscribed abscess present in the muscularis. 

On Jan. 8, 1936, pyelogram of left kidney with 25 ¢.c. of skiodan revealed very 
much elongation of pelvis and calyces with no dilatation of the ureter. Diagnosis 
of polycystic kidney was made (Fig. 5). 


SURGERY 


This patient was seen monthly during the first half of 1936 and he was in 
excellent health. Urine showed none to only occasional W.B.C. per high-power field. 
He was last seen January 5, 1939 and he was steadily at work. He now was at his 
best weight, 170 pounds. Urine was yellow, clear; acid reaction; specific gravity, 
1,009; albumin, slightest possible trace, and microscopically negative for cellular 
elements. Intravenous phthalein showed 60 per cent in sixty-five minutes. The 
remaining kidney is palpable and nodular. 


CASE 3.—E.Y., married male, aged 38 years, was admitted to Sinai Hospital May 
20, 1936. Complained of swelling of ankles for three weeks and urinary frequeney 
for eight days. Family history was noncontributory. In his past history he had 
typhoid fever at 11 years of age; nocturia once a night for many vears; otherwise 


_Fig. 7.—Case 3. Bilateral elongation of pelvis and calyces, more marked on left. 
ae right angulation of ureteropelvic junctures is faintly visible. Pus in left 
idney. 


it was noncontribuiory. Present illness began April 10, 1986, when he felt tired and 
weak while working and had anorexia. Two days later he left work and has not 
returned because of chills and pains and aches all over. Soon had pain in right 
lower back. Remained in bed for few days. On April 17, he developed a severe 
sore throat with fever and was isolated in another hospital for three days be- 
cause of suspected diphtheria. About three weeks before admission, he noticed 
swelling of ankles and cloudy urine. For past eight days he has had urinary fre- 
quency, voiding at onset as often as twenty times during the day and four to five 
times at night. He has lost 30 pounds in weight in past month; average weight, 166 
pounds. No hematuria, dysuria, or nausea or vomiting. Examination revealed a 
tall man, looking chronically ill and showing evidence of loss of weight. The right 
kidney was barely palpable; the left was nodular and extended down to the erest 
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of the ilium and almost over to the umbilicus and it was not tender. The external 
genitals and prostate were normal. Blood pressure, 110/70; blood urea, 48 my. per 
cent; specific gravity of urine ranged from 1.001 to 1.018; albumin, two plus. 
Voided urine microscopically showed many pus cells with clumps, occasional red 
blood cells and cast and cocci on staining. Intravenous phthalein showed 10 per cent 
in the first hour and 20 per cent in the second hour. Cystoscopy May 29 revealed a 
normal vesical orifice and bladder. Urine from right kidney showed 1 to 2 W.B.C. 
per high-power field; urine from left kidney revealed large quantities of pus with 
clumps. Culture of urine from each kidney revealed Staphylococcus albus. Intra- 
venous phthalein appeared from the right kidney in nine minutes and 10 per cent was 
collected from this side in fifteen minutes, but none appeared from the left during 
the same time. Retrograde pyelogram with 25 ¢.c. of skiodan on the right and 30 
¢.c. on the left revealed bilateral elongation of pelvis and calyces, some dilatation of 
pelves and calyces, and right angulation of ureters, more marked on the left (Fig. 7). 


Fig. 8.—Case 3. Surface view of a typical polycystic kidney. 


Temperature went up to 102°F. daily until May 26 when the highest was 100° 
up to time of operation. 

On June 5, 1936, a left nephrectomy was done through a lumbar incision. The 
vena cava was torn and sutured. A small piece of adrenal was also accidentally 
removed. 

For the first postoperative week the temperature ranged between 100 and 102° and 
then returned to normal and remained so. The highest postoperative urea was 83 mg. 
per cent. 


Gross Pathology.—Specimen consists of a left kidney weighing 1,195 mg. and 
measuring 23 by 13 by 10 em. (Fig. 8). It is irregular in outline. For the most 
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part, it is semisolid in consistency. Shining through the capsule are seen numerous 
cysts of various sizes, shapes, and colors, On bisection (Fig. 9) there is a discharge 
of thick, foul-smelling pus from the upper pole, This is observed to be coming from 
several cysts that do not seem to communicate with the pelvis or the calyces. Numer- 
ous cysts can be seen bulging in the pelvis and calyces but not directly communicat- 
ing with them. For an area of 5 cm. in the lower pole of the kidney there is marked 
degeneration of the tissue which seems to have undergone infection and necrosis. 
The pelvis and calyces are both dilated and elongated. 

Microscopic Pathology.—sSection is that of kidney showing marked degenerative 
changes throughout. There is necrosis of the tubular portion of the kidney and 
replacement by leucocytic infiltration. There is modification of the glomeruli with 
atrophy of the tufts and bloody extravasation in them. There is marked dilatation 
of the tubules and their lumina contain casts of pus and epithelium. In the tubular 
portion there is marked edema and replacement of the necrotic tubules by polymor- 


phonuclear and red blood cell exudation. Other sections showed a similar picture, 


Fig. 9.—Case 3. The picture of the pelvis and calyces resembles that shown in the 
pyelogram. See pathologic report. 


On discharge June 27, 1956, his voided urine was still full of pus. The blood 
pressure was 122/78; there was only slight ankle edema and he felt much stronger. 

The patient was again seen on May 4, 1938. Has been working. He felt fine 
and looked fine. His weight was 160 pounds. He had no urinary frequency and 
only an occasional single voiding at night; no pain. The right kidney was now 
palpable at the umbilicus and small nodules could be felt. There was a herniation 
at the operative site. Blood pressure was 135/90. Voided urine: specific gravity, 
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1.016; albumin, very faint trace; microscopic examination of centrifuged specimen 
showed 50 to 100 W.B.C. to high-power field. 

He was last seen Jan. 20, 1939, two and one-half years after operation, and 
was in good health except for ‘‘catching’’ frequent colds which lasted longer 
than usual. His weight was still 160 pounds and his blood pressure was now 
144/90 mm. Abdominal examination revealed the right kidney easily palpable 
and nodular below the right costal margin; on deep inspiration it could be felt 
just below and lateral to the umbilicus. Voided urine was yellow, cloudy; specific 
gravity, 1.010; albumin, faint trace (an increase); microscopic examination of 
centrifuged sediment showed only 25 to 50 W.B.C. with small clumps per high- 
power field, rare R.B.C. and rare granular cast. Intravenous phthalein revealed 
32 per cent in sixty-five minutes. 


The symptoms, signs, and various diagnostic points are quite familiar 
to all, but a brief review is in order because of some of the important 
differential diagnostic points. In the history of these patients one is 
impressed with some few symptoms and signs that are of extreme 
importance. They are as follows: 


A. History.— 

1. Pain: This is deseribed as a dull ache, discomfort, or pressure 
pain; at times it may have been sharp. This symptom alone will not 
aid in differentiating from renal tumor, passage, or presence of blood 
clots or caleulus, ete. 

2. Symptoms of Renal Insufficiency: Headaches, dizziness, digestive 


disturbances, edema, urinary frequency day and night, loss of weight, 
weakness, ete., will cause one to differentiate this disease from the 
different nephritides in young adults and chronic cardiovascular-renal 
disease in older individuals. Bilateral renal enlargement (manual or 
x-ray) strongly favors polycystic kidneys. 

3. Hematuria: This is a very common symptor (frequently the first 
symptom) and in the presence of an enlarged nodular kidney should 
make one suspicious of this disease; if both kidneys are palpable and 
nodular then one should be more than suspicious. The presence of 
hematuria always calls for an explanation, even if repeated attempts 
and exhaustive studies are necessary. 

4. Pyuria: The presence of a few pus cells coming from one or both 
kidneys is indicative of an infection but not of a true pyonephrotie 
condition, which is less common. 

5. Enlargement of Abdomen: If it is at all noticed by the patient, 
it will be noticed as a rule on one side. Examination, however, will 
disclose this mass to be distinctly nodular but not especially tender 
unless extensive infection is present. 


B. Laboratory.— 

1. Blood Pressure: This may be either high, low, or normal. The 
higher pressures can be taken as an index of the seriousness of the 
renal involvement, but the normal pressures do not preclude this. 
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2. Phthalein: Depending upon the pathologic extent of the disease 
and the time of life at which it is first seen, the percentage of function 
will vary. A low phthalein is the usual finding but almost normal and 
even traces only may be found. The appearance time is delayed with 
more extensive renal damage. 

3. Blood Urea: Like the other data, this may also be normal or 
elevated. When elevated, the urea level may reach the heights usually 
seen in other common forms of renal damage, such as the nephritides. 
In polyeystie renal disease there is no correlation between the blood 
urea level and the percentage of phthalein excreted. 

4. Urinary Examination: Characteristic is a consistently very low 
or moderately low specific gravity which, however, may be high. 
Albumin is most frequently present in traces. Microscopically, red 
blood cells and casts are frequently seen but by no means constantly. 
As already stated infection as evidenced by pus cells is a very frequent 
finding but as a rule not in large quantities. 

5. Pyelograms: This, by far, gives the most conclusive information. 
Should there be suspicious findings on one side and should the other 
side show typical findings, the diagnosis is then certain. The typical 
findings in uncomplicated polycystic renal disease are normal sized or 
slightly dilated pelvis and calyces; right angulation at the uretero- 
pelvic juncture with ureter pushed medially ; elongation of the pelvis 
and calyees; flattening and broadening of terminal calyces; absence 
of clubbing of terminal calyces. 

The more seriously affected side may show more marked dilatation 
of the pelvis and calyces and because of the presence of a large abscess 
may be mistaken for simple pyonephrosis. Should, however, bilateral 
pyelograms be taken, this differential point will be observed (Case 2). 
Similarly, neoplasms may confuse the pyelographic picture, but there 
is little chance of error with bilateral pictures if one bears in mind 
the rare occurrence of bilateral neoplasms. We do not hesitate then 
to make the diagnosis of uncomplicated polycystic renal disease when 
we find evidences of renal insufficiency; bilateral, irregular, renal 
masses; bilateral, typical, or almost typical pyelograms. The diag- 
nosis of pyonephrotie polycystic kidneys will be discussed under the 


differential diagnosis. 


DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS 


Because of practical diagnostic importance, it is well to remember 
that this disease is congenital, always is bilateral, and may manifest 
itself in infancy, at or soon after birth; these infants promptly die. 
Most commonly the condition is not manifested until adult life in the 
third, fourth, and fifth decades. Patients presenting themselves in 
these decades have been arranged!® in groups according to the mode 
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in which the disease makes itself apparent; i.e., in one, there appear 
sudden, acute, and severe signs of renal insufficiency with more or less 
prompt death; in another, most commonly recognized clinically, one 
finds signs of renal insufficiency in palpable, bilateral, nodular kid- 
neys; in the third group, the cardinal signs of renal tumor are present ; 
namely, pain, tumor, and hematuria. 

The most common conditions which must be differentiated from poly- 
eystic kidneys are: (1) chronic nephritis, (2) bilateral renal neo- 
plasms, and (3) unilateral or bilateral pyohydronephrosis. 

We are particularly concerned in this paper with the last group and 
we shall confine our discussion to that group. 

In the diagnosis and differential diagnosis of pyonephrotic polyeystic 
kidneys one will necessarily first make a diagnosis of polycystic renal 
disease, depending upon history, low specific gravity of the urine, the 
decreased phenolsulphonphthalein, the increased blood urea, and finally 
the typical bilateral pyelograms as already described. These points, 
plus the presence of a pyuria from one or both kidneys, further dis- 
torting the pelvis or calyces, should make the diagnosis simple. One 
should become quite suspicious of pyonephrosis (infected hydronephro- 
sis) without polycystic renal disease when in the pyelograms (retro- 
grade) one finds: (a) an irregularity in the pelvis or in a calyx to- 
gether with a dilatation of either or both of these areas; (b) an absence 
of an elongation of the pelvis and calyces; (¢) an absence of the medial 
displacement of the ureter. Should these data, suggestive of pyone- 
phrosis, be obtained on one side and data typical of uncomplicated poly- 
eystic kidney be found on the other side, then the diagnosis of poly- 
cystic renal disease must be made because this disease is always bilateral. 

Confusion, however, is most apt to arise when the above-mentioned 
data suggestive of pyonephrosis are found in both kidneys. Here 
again the diagnosis of bilateral polveystic kidneys should be given 
first and foremost consideration because this disease is of much more 
frequent occurrence than is bilateral pyonephrosis in otherwise normal 
kidneys. When this perplexity arises, it should result from the inter- 
pretation of retrograde pyelograms only. Renal exploration may be 
necessary to prove conclusively this differential point. 

Treatment.—It is commonly stated that the treatment of uncompli- 
cated polycystic renal disease and those cases complicated by mild 
infection, bleeding, or pain as a rule must be conservative. This will 
be confined to repeated catheterizations, pelvic lavages, rest, and re- 

peated blood transfusions. With this we agree. We feel that it is 
also conservative to establish our temporary nonurinary nephrocuta- 


neous fistulous tract!? in some cases where the complaints are essen- 
tially those due to pressure by the growth of the cysts. There is no 
such common ground when it comes to the surgical treatment of the 
severely infected and very poorly functioning polyeystic kidney. 
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Meltzer™ in 1929 reported 111 cases of surgical polycystic kidneys 
collected from a questionnaire sent to members of the American Uro- 
logical Association. Ten different procedures were done in these cases, 
ranging from exploration to nephrectomy, the latter being performed 
in 53 per cent of the cases. Lowsley and Beer in discussing this paper 
express the opinion that the less one does surgically to those patients, 
the better off they are. One report! in writing of infected polycystic 
kidneys states that there is no greater mortality if one does not operate 
and that nephrostomy in normal polycystic kidneys gives a 45 per cent 


mortality. 
Many urologists* 1 consider surgical intervention necessary 


and even mandatory in some cases of severe infection and in cases of 
persistent, prolonged bleeding or anuria. We wish to subscribe to 
this view. Chevassu,‘ in his collected series of 88 cases of suppuration, 
found that primary nephrectomy yielded only 16 recoveries in 25 cases 
and only 3 of these were still living four to ten years later. In cases 
of pyonephrosis it might be more conservative to do a nephrectomy 
early before the infection extends markedly beyond the confines of the 
kidney and before the patient’s vitality is excessively lowered. 

A few cases requiring more than one operation were encountered 
in this review. In the last analysis, each case of polycystic pyone- 
phrosis must be carefully studied from all the data available and each 
will call for keen and mature surgical judgment. At best one cannot 
hope for too promising remote results. It is still true as Clairmont’ 
stated in 1925 that in cases of bilateral polycystic kidneys there are yet 
no dependable indications for nephrectomy or for conservative inter- 
ventions, based on thorough functional tests. 


SUMMARY AND CONCLUSION 


A review of the recent literature on pyonephrosis in polycystic kid- 
neys has been made. Fourteen cases with sufficient data to warrant 
such a diagnosis have been found; we add three of our own. 


From this review and from our own experience, we are of the opinion 
that some cases of pyonephrosis in polyeystie kidneys urgently demand 
surgical intervention and at times this must be a nephrectomy. We 
also feel that probably better immediate results would be obtained if 
nephrectomy were done earlier. Some of the poorer results might be due 
to delay. At best we can only hope to improve the immediate situation. 

Each case must be carefully studied on its own merits. It then re- 
quires calm, keen, surgical judgment more urgently probably than any 
other renal disease requiring surgical intervention. 

To be on common ground, there is need for uniform classification 
of the lesion commonly termed pyonephrosis, 
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PATHOLOGIC CONSIDERATIONS OF SARCOMA OF THE 
MAMMARY GLAND* 


JosEPH M. Minuer, M.D.,t AND WiLLIAM CARPENTER MacCarrty, M.D., 
ROCHESTER, MINN. 

(From the Mayo Foundation and the Division of Surgical Pathology, The Mayo 
Clinic) 

ERHAPS nowhere in the realm of surgery has the classification of 
disease entities or the pathologic nomenclature of diseases been more 
misleading and confusing than in the case of the mammary gland. It is 
true that since the turn of the century the increase in clinical and micro- 
scopie research has dispelled to some extent the almost Stygian darkness 
in which the pathologists of that era found themselves in regard to this 
subject. Carcinoma of the breast, with its varied pathologie picture, has 
been given an almost standard nomenclature. In contrast, sarcoma of 
the same organ enjoys almost as many classifications as there are authors 
to deseribe them, and the relation between pathologie type and clinical 
course is still somewhat obscure. A thorough review of most of these 
articles still leaves the reader in a quandary when an interpretation of a 
complex term that designates a specific type of mesodermal malignancy 
is involved. The lack of good criteria for diagnosis and the use of the 
term ‘‘sarcoma’’ as a catch-all for all tumors not distinetly epithelial in 
nature are two of the main reasons for this confusion. As usual, medical 
terminology has far from kept pace with medical progress, and contem- 
porary pathologists and surgeons are still employing an archaic nomen- 
elature. 

Although a confusing terminology has been used, considerable interest 
in sarcoma of the breast has been made manifest. Among the earliest 
references to a mammary neoplasm, which probably was sarecomatous in 
nature, was that of Morgagni, who has given us, in his letters, an en- 
gagingly communicative description of this pathologie entity, which was 
present in the breast of a Paduan nun. During the nineteenth century, 
articles in which one or more cases were reported became increasingly 
frequent. The ‘‘ossific and cartilaginous tumor of the breast’’ described 
by Cooper has long been a favorite reference in articles concerning 
sarcoma. 

The embryology of the structures that give origin to these tumors is of 
some interest. It will be recalled that the mammary gland is a result of 
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the development of ectodermal and mesodermal elements. The begin- 
nings of the breast are first seen at about the third month of intrauterine 
life when a number of ectodermal invaginations are found along the 
milk ridge. Duets and acini are derived by a process of differentiation 
from the latter; whereas, the mesodermal contributions are the connee- 
tive tissues, fat, smooth muscle, and blood and lymphatie vessels. The 
connective tissue of the breast is a derivative of the pectoral fascia and 
invests the entire gland, while the ramifications form the interlobar and 
interlobular investments. The suspensory ligaments are merely the 
points of attachment of this tissue to the skin. Smooth muscle, excluding 
that in the walls of the blood vessels, is present in only small amounts 
and is situated in the nipple and about the ducts and acini. In the latter 
a single layer of longitudinally arranged unstriated muscle lies between 
the basement membrane and the adjacent layer of connective tissue. Ex- 
ternal to the elastica, which surrounds the duets, is a thicker layer of 
smooth muscle. 


Various ideas have been propounded from time to time to account for 
the development of sarcomas from the tissues just described, but the 
underlying etiologic agent or agents are, as with other malignancies, stil! 
undetermined. As early as 1911, Coley cited a number of cases to prove 
his contention that trauma was the spark that kindled the flame of 
sarcoma. However, the facts that great numbers of breasts have suf- 
fered injury of some type and that sarcoma has not followed in suf- 
ficiently significant frequency tend to militate against a complete accept- 
ance of this hypothesis. There is no doubt that heredity and the ovarian 
hormones play some role in the development of the malignant meso- 
dermal deviations, but again the exact weight to be assigned to such fae- 
tors is still an open question. Cohnheim’s hypothesis offers a somewhat 
more rational explanation of the mixed teratoid malignancies. As far as 
the growth of the neoplasm is concerned, sufficient illustrative evidence 
has been published to show the baneful effect of pregnancy and lacta- 
tion. It should again be emphasized that the arguments for or against 
the acceptance of any particular etiologic agent can be met in rebuttal 
by any number of valid objections and that the present state of our 
knowledge does not permit any one cause to be stated as the true one. 

The statistical incidence of sarcoma of the breast has declined steadily 
since the earlier reports because of the sharpened acumen of the 
pathologist and a correlation of clinical and pathologic evidence. A 
study of the data in Tables I and II will demonstrate the decreased fre- 
quency of these malignant lesions. One of the reasons for the decrease is 
that eystosarcoma phylloides is no longer classified as sarcomatous. 

The classification of the sarcomas of the breast is approached with 
some difficulty, for, as has been previously stated, confusion reigns su- 
preme in this field. However, Gross, in 1887, offered a somewhat simple 
type of nomenclature which, although not entirely correct, would have 
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TABLE I 


FREQUENCY OF SARCOMATOUS LESIONS REPORTED IN THE LITERATURE 


| TOTAL SARCOMAS 

J ‘ TEAR NEOPLASMS 

Schmidt 1889 150 7 4,7 
Poulsen 1891 355 33 9.3 
Williams 1892 2,422 95 3.9 
Gebele 1901 359 34 9.5 
Finsterer 1907 800 48 6.0 
Bloodgood 1908 694 14 2.0 
Rodman 1911 5,000 — 2.7 
Geist and Wilensky 1915 558 22 3.9 
Deaver and McFarland 1917 534 11 2.1 
Rohdenburg 1917 276 6 2.1 
Winslow 1921 102 3 2.94 
Pack and LeFevre 1930 2,821 18 0.64 
MacCarty | 1933 7,763 28 0.36 
Fox | 1934 | 3,500 60 1.7 


made the ensuing situation less of a maze if it had been adhered to by 
subsequent authors. Gross divided his sarcomas into three principal 
varieties, the spindle-cell, the round-cell, and the giant-cell types, with 
the two former being subdivided into large- and small-cell types. Four 
vears later, Poulsen reported thirty-three sarcomas and to illustrate the 
wide variety of terms used, his classification is included (Table IIT). 
Small wonder that, with this extensive nomenclature, one author knew 
not of what another wrote. At the other extreme, we find that Ewing, 
in referring to the pure sarcoma of the breast, has written: ‘‘When one 
excludes from the group of mammary sarcomas, the adenosarcomas, the 
malignant forms of mixed tumor containing cartilage, bone, mucoid or 
fat tissue, and certain malignant round, spindle, and giant-cell alveolar 
pseudosareomas, which are really atypical carcinomas, there is little re- 
maining of a once formidable group of neoplasms.’’ He further stated 
that the only two varieties of pure sarcoma that he recognized are the 
spindle-cell and the round-cell types. In addition, Ewing considered the 
latter to be an ill-defined group and stated that they may really be only 


atypical carcinomas. 


TABLE IT 


FREQUENCY OF SARCOMATOUS LESIONS REPORTED IN THE LITERATURE 


SARCOMAS 


TOTAL 


AUTHORS YEAR NEOPLASMS 
STUDIED NUMBER PER CENT 

Rosenstein 171 ‘ 5.3 
Geist and Wilensky 1915 282 22 7.8 
Peck and White 1922 195 4 2.1 
Smith and Bartlett 1929 234 q 3.0 
D’Aunoy and Wright 1930 1,046 11 AI 
Schreiner and Thibaudeau 1932 1,395 7 0.5 
MacCarty 1933 3,017 28 0.8 
Sehwarz and Freund 1935 1,145 20 1.8 
2.4 


Rose 1936 660 16 


748 
| 


MILLER AND MAC CARTY: SARCOMA OF MAMMARY GLAND 749 


TABLE III 


DIAGNOSIS AND CLASSIFICATION ACCORDING TO POULSEN 


DIAGNOSIS CASES 


Cystosarcoma 14 
Fibrosarcoma fusicellulare 
Fibrosarcoma globocellulare 
Sarcoma fusicellulare 
Sarcoma globocellulare 
Sarcoma globo-et-fusicellulare 
Sarcoma carcinomatodes 
Grosszelliges Pigmentsarcom 
Adenosarcoma 

Sarcoma 


Grossly, all true sarcomas of the breast have a sameness of appearance 
in the initial stages of their development. The majority are rather well 
encapsulated, round, irregular or slightly lobulated, and lying in or next 
to the glandular structure. At an early stage, they are not attached to 
the skin or pectoral muscle and, consequently, can be rather easily 
‘shelled out’? in many instances. Pure sarcoma reaches a huge size 
infrequently, in distinet contrast to the malignant lesions which orig- 
inate in the fibroepithelial neoplasms. The nipple usually is not re- 
tracted. On cross section, the color of the new growths varies from a 
eray-white to a gray-red, and the neoplasms are of moderately firm 
consistency. 

The chief representative of the pure type of sarcoma is the fibrosar- 
coma or spindle-cell type. It is usually well demareated from the breast 
tissue and may be surrounded by a layer of atrophie ducts and acini. 
On microscopic study of the sections, numbers of fusiform cells are 
seen lying in close apposition (Fig. 1) and forming strands that run in 
different directions, frequently interlacing. Cut in transverse section, 
these spindle-shaped elements are small and round and possess a nucleus 
that is relatively large and ovoid and has a well-defined network of 
chromatin. Mitotic figures are present in varied amounts and blood 
vessels may be relatively frequent. The regular arrangement of the 
neoplastic cellular elements about the blood vessels in some of these 
tumors has caused some of the earlier authors to err and consider them 
to be angiosarcoma, or angiosarcoma and perithelioma. A small amount 
of fibrillated matrix is found between the cells proper. 

Before proceeding to a consideration of other types of sarcoma which 
may be found in the breast, it is important to point out that the great 
majority of the fibrosarcomas in this series had their origin in fibro- 
adenomas and therefore have been designated adenofibrosarcoma. The 
enormous tumors of this category are those in which the epithelial ele- 
ments have remained active and in which dilatation of the duets and 
acini have resulted in cystic formations of varying sizes (Fig. 2). Usu- 
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ally the patient relates that a mass has been present in the breast for a 
long time, perhaps years, and that it suddenly has increased in size 
rapidly. Such tumors are irregular, nodular, and lobulated, frequently 
complicated by hemorrhage, necrosis, and ulceration. From the time 
of its inception, the growth has a tendency to be somewhat cireum- 
scribed and, although it may become large, it still retains this character- 
istic. In addition, it may be freely movable on the thoracic wall. 


Fig. 1.—Pure fibrosarcoma of the mammary gland, Grade 1, with myxomatous change 
(X150). 


The term ‘‘round-cell sareoma’’ has persisted in the literature in spite 
of its recognized inadequacy, for the title is but purely descriptive of 
the morphologic characteristics of the cells present and gives absolutely 
no information as to the histopathogenesis of the neoplasm. These sar- 
comas form an ill-defined group and should not be included under the 
category of pure sarcoma of the breast. Careful study of many of these 
eases proves that a large number are merely atypical carcinomas. 
Lymphosarcoma has been reported as being present in the mammary 
gland, and a certain number of the ‘‘round-cell’’ group may be of that 
nature. In the latter group the question of whether the tumor is 
metastatic or not is not implied in the term ‘‘round-cell sarcoma.’’ 
Ewing stated that he never had seen a primary lymphosarcoma of the 
mammary gland. 

However, round-cell sarcoma of the breast has been described many 
times and, according to the literature, it is round, smooth, soft, and usu- 
ally single, although occasionally multiple. It may appear in one or 
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both breasts, is of comparatively rapid growth, and infiltrates to a 
greater extent and is much more malignant than the spindle-cell sar- 
coma. The cells are round or oval in shape, have large muclei, and may 
show a radial arrangement about the blood vessels. Geist and Wilensky 
concluded that since they were unable to find lymphoid tissue in the 
breast and since lymphosarcoma does not occur primarily in the gland, 
these neoplasms are undeveloped connective tissue tumors. 

Fox has avoided the term ‘‘round-cell sarcoma’’ entirely and has sub- 
stituted the terms ‘‘lymphoid sarcoma’? and ‘‘myeloid sarcoma,’’ the 
former referring to the small round-cell type, and the latter designating 
the large round-cell group. He further stated that these tumors may 
arise from lymphocytes within the breast or from outlying glands. The 
myeloid sarcomas consist of round cells with large nuclei which have 
more cytoplasm and are lighter staining than the cells of the lymphoid 
type. 


\ 
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. 2.—Adenofibrosarcoma, Grade 1; note extreme dilatation of ducts (X80). 
It is interesting that a mixed type of tumor which contains both spin- 


dle cells and round cells has also been deseribed. The exact origin of 
these neoplasms is still unsettled. 


The wide diversity of tissue which may be found in the mammary 
gland was realized about a century ago by Cooper, for he stated then 
that all the changes which occur in other tissues can occur in the breast 
and that, in addition, some changes are peculiar to it. The presence of 
cartilage and bone in the breast has continued to be of interest to pathol- 
ogists, and in 1937 Raso was able to collect seventy-four cases and add 
one of his own in which these tissues were present. Although Cooper 
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is credited by Raso with having first described such a neoplasm, perhaps 
the distinction really belongs to Morgagni (1682-1771), of Forli, a 
pupil of Valsalva and later a professor at Padua. In his seventy-ninth 
year, he published five books of letters, which are seventy in number. 
They are the conclusions drawn from a lifetime of observation, and 
among these interesting and instructive epistles, which constitute one 
of the true foundations of modern pathologic anatomy, we find a de- 
seription of one of these cases: 


‘<There was at Padua a nun who had begun, thirty years before, first to labour 
under tubercles within one of her breasts, which lay at a distance from each other. 
These tubercles, at length, seem’d to be join’d together into one tumor, in the 
inferior part of the breast; and had such an inequality of surface, and excited 
such pains, that made it be universally consider’d as cancer. Last of all, the 
pains being greatly increas’d, the tumor open’d of itself. Then from the manner 
of its opening itself, from the nature of the matter discharg’d, and from the 
other appearances, an ingenious and skillful surgeon judg’d it not to be cancer, 
and undertook to cure it. 

‘*However, the cure never proceeded according to his wish, or expectation, till 
about the end of the year 1739; when he extracted from the tumor a tuberous 
body, of the bigness of a walnut, which he brought to me. This body consisted 
of many little pieces of bone, some larger, some smaller, dispos’d in no certain 
or regular order, as I have seen them in the cases of fracture. Betwixt the pieces 
was interpos’d a substance almost similar to a ligament. This substance, when 
dried, grew black; but the bony fragments show’d their whiteness. The breast 
was therefore heal’d up; and although the exuleeration return’d, the virgin did 
not die thereof, but of quite another disease, and at the end of three years after 
the extraction of that bony body.’’ 


In the main, three hypotheses have been advanced for the explana- 
tion of the origin of these teratoid mixed tumors. According to the 
hypothesis of sequestration, this neoplasm may be regarded as an aber- 
rent blastomerie inclusion from the developing thoracie skeleton. St. 
Arnold, after describing a spindle-cell sarcoma containing bone, earti- 
lage, and giant cells, wrote that spindle cells are in the same lineology 
as the individual units of the skeletal system, expecially of the perios- 
teum, and that they retain the fundamental capacity of forming carti- 
lage and bone. Metaplasia does not occur and is an unnecessary hypothe- 
sis. Lecene concurred with the idea advanced by St. Arnold, and both 
concluded that such neoplasms arise as a result of misplaced portions 
of the skeletal system. The early encapsulation of these tumors favors 
this view, as do the wide diversity and fully adult character of the tis- 
sues produced. 

Somewhat similar basically is the hypothesis advocated by Dyke who 
preferred to regard such neoplasms as the result of a totipotential cell 
which becomes imbedded in the mammary tissue early in embryonic 
life, and so considered them teratomas. The criticism that the latter 
should be composed of a mixture of cells derived from the three germ 
layers and therefore the tumor under consideration which contains 
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mesodermal elements only is not a teratoma can be refuted. It is not 
an unusual experience for any pathologist to encounter a tumor which 
contains derivatives of the three fundamental layers, but in which one 
type of cell has proliferated to a far greater extent than any of the 
others. This statement is much more correct if malignancy supervenes 
in one group of these cells. An outstanding example of such a change 
is the demonstration of a chorionepithelioma in a testicular teratoma. 
The chorionepithelionic elements rapidly outgrow the elements of the 
testicular teratoma, and it may be difficult at times to find the latter. 

A third explanation offered for the origin of chondrosareoma, osteo- 
sarcoma, and combinations of the two is that of fibroblastic formation 
of cartilage and bone. The fibroblasts are an undifferentiated type of 
cell and retain the fundamental power of becoming differentiated into 
cartilage and bone. Ewing has been an advocate of the autochthonous 
hypothesis, and wrote that the local development of mixed mammary 
tumors by a process of metaplasia may have to be accepted. 

Reports of ‘‘giant-cell sarcoma’’ are occasionally encountered in the 
literature. A small number of spindle-cell sarcomas and other tumors 
of the breast contain giant cells and, because of this morphologie pecul- 
larity, have seemed to merit the aforementioned designation. When 
present, they may be extremely numerous, and may be of three differ- 
ent types. In one group only two or three nuclei are found in each eell, 
and these comprise the multinucleated tumor giant cell. A second type 
of tumor giant cell is that with a single giant nucleus whieh almost fills 
the cell body. Multinucleated foreign body giant cells may also be 
found in the sarcomas. A better nomenclature and less confusion would 
result if sarcomas containing such cells were designated, for example, 
as spindle-cell sarcomas with giant cells, rather than as ‘‘giant-cell sar- 
comas.’’ At this juncture, it is also well to remember that these multi- 
nucleated cells may appear in other types of malignant and nonmalig- 
nant neoplasms and that giant cells may be either of the neoplastie or 
foreign body type. 

Multinucleated tumor giant cells probably arise from continued 
nuclear division in malignant cells without subsequent splitting of the 
cellular body. The origin of the foreign body giant cell may be similar 
or it may result from a coalition of individual endothelial cells. 

In reporting a giant-cell neoplasm which also contained osteoid tissue, 
Fry referred to this tumor as an osteoclastoma. He justified the use 
of this name by the fact that a large number of giant cells of the epulis 
tvpe are present. The apparently similar morphology and function of 
the giant cells in this tumor and in a myeloid sarcoma seem to afford 
the author sufficient reason for use of the term. These cells may be es- 
sentially of the foreign-body type developed in response to a loeal stim- 
ulus and their function in Fry’s tumor is to attack the material in which 
bone or lime salts are deposited. The continued presence of this stim- 
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ulus leads to an overproduction of the giant cells and subsequently the 
latter become malignant and form the essential feature of the neoplasm. 
It should be noted, however, that the stimulating feature is not confined 
to cartilage and bone, but also includes carcinoma, tumors with other 
epithelial elements, and even chronic cystic mastitis, for giant cells have 
been found in all of these cases. As with spindle-cell sarcomas which 
contain these interesting elements, better usage of terminology would 
be to designate such neoplasms as osteochondrosarcomas with giant cells 
or eareinomas with giant cells, rather than as ‘‘giant-cell tumors.’’ 

It is interesting to note that in neoplasms in which considerable de- 
struction has taken place, the giant cells may be of the true foreign body 
type and are merely present to remove the debris. Fat necrosis of the 
breast is an excellent example of this reaction, and the same process 
may be found in the sarcomas of the breast. 
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Fig. 3.—So-called perithelioma; this is an adenofibrosarcoma showing extensive 
necrosis but with perivascular malignant elements preserved (X85). 


The remaining types of mammary sarcomas are few in number and 
all are somewhat rare. Among the latter is the liposarecoma which usu- 
ally arises from a pre-existing lipoma. Histologic investigation reveals 
an embryonic type of adipose tissue cell with multiple, small fat glob- 
ules and centrally disposed nuclei. Enough fat is usually present in the 
cells to enable the observer to recognize the lipomatous nature of the 
tumor, especially when stained with sudan Ili. When the fat content 
is reduced to traces, a diffuse growth of either large granular cells or 
smaller, rounded polyhedral cells is present. 
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In general, they may be considered of a low grade of malignancy. 
Usually, they possess a well-defined capsule, are of slow growth, and are 
freely movable. However, a marked tendency to recur is one of their 
characteristics, and occasionally metastatic lesions will be found. 

A word of caution in regard to the diagnosis of these tumors should 
be added. Immature fat cells are frequently abundant in rapidly grow- 
ing lipomas. They merely represent the means of growth, for adult fat 
cells do not have the power to proliferate. Henee, a distinction may 
be made with difficulty at times. 

Brief consideration also should be given to another unusual neoplasm, 
the angiosarcoma. Karsner might restrict the use of the name to some 
extent for he has considered that ‘‘the use of the term angiosarcoma has 
little justification on morphologic or genetic grounds, as the tumors to 
which it is applied are either sarcomata with secondary necrosis, or endo- 
theliomata of particular form.’’ Peritheliomas, which are also included 
in this group, are usually likewise only vascular sarcomas which show 
widespread necrosis with perivascular preservation of the malignant ele- 
ments and are not true entities (Fig. 3). 
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Fig. 4.—Hemangioendotheliosarcoma (125). 


However, the hemangioendotheliosarcoma is a neoplasm which is of 
vascular origin. Growth is siow, but progressive, and in this respect it 
is comparatively benign. Due to its infiltrative power, removal is diffi- 
cult, so that this neoplasm is noted for its persistent local recurrence. 
Each of these reappearances is likely to show increasing capacity for 
growth and changes in structure. 
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These facts are well illustrated by the case of a 38-year-old unmarried 
female who had had a portion of her left breast removed before coming 
to the clinie because of a ‘‘fibroid tumor.’’ However, this neoplasm 
(Fig. 4) which subsequently was found to be a hemangioendotheliosar- 
coma, recurred eight times in all, until the patient succumbed to the 
disease. 

The third type of the more unusual sarcomas of the breast is the 
leiomyosarcoma, and an extremely occasional occurrence might be ex- 
pected because the mammary gland contains a small amount of smooth 
muscle in the nipple, in the walls of the blood vessels, and in a single 
layer of longitudinally arranged involuntary muscle between the base- 
ment membrane and the adjacent layer of connective tissue. The elas- 
tica surrounds the latter in all the ducts and some of the acini, and ex- 
ternal to the elastica is a thicker layer of unstriated muscle. Dretzka 
reported a neoplasm of the mammary gland in which many immature 
muscle cells were present. One of the opinions submitted was that it 
was a leiomyosarcoma. 

In contrast, the tumors of voluntary muscle are somewhat more fre- 
quent in appearance. Early mention of a rhabdomyosarcoma was made 
by Billroth, in 1860, when he reported a neoplasm of this character in 
the breast of a 16-year-old female. Definite striated muscle was found 
in this tumor. Subsequently, additional cases were reported and com- 
mented on. These new growths include both encapsulated and non- 
encapsulated forms and are composed of cells with a granular cyto- 
plasm, small dense nuclei, and ribbon-like bands of muscle fibers. 
Cross-striations may or may not be found, depending on the degree of 
differentiation of the cells. It will be recalled that voluntary muscle 
passes from a syncytial stage in the mesenchyme to a myoblastic and 
then to a myofibrillar stage. At this point, the developing muscle fibers 
first show beading and then cross-striations. Thus, the more undiffer- 
entiated type of rhabdomyosarcoma, the myosarcoma, shows a wide vari- 
ety of phases of histogenesis. 

Klinge also found such tumors in situations devoid of striated mus- 
ele and he explained these heterotopic myoblastomas by Cohnheim’s 
hypothesis. Gray and Gruenfeld, in discussing the subject, added a 
note of warning, and questioned the myogenous derivation of these 
tumors, as they considered unwarranted a histogenic diagnosis based 
on some vague resemblance of cells which also may exhibit conspicuous 
degenerative changes. 

However, the diagnosis of the case reported by Sailer must be unques- 
tioned. A nodule the size of a bean was removed from the breast of a 
38-year-old colored woman, but recurrence was noted in the sear seven 
months later and the patient eventually died. Post-mortem examina- 
tion revealed metastatic nodules in the lungs, liver, and retroperitoneal 
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lymph nodes. All of these lesions were composed of elongated, striated 
muscle fibers, myoblasts, and small, irregularly round and polyhedral 
cells. 

Lymphosarcoma of the breast is an interesting and unusual patho- 
logic entity. Whether such a new growth is ever primary in the breast 
has been a moot question, for lymphoid tissue does not occur in the nor- 
mal breast. It may be that these neoplasms arise from lymphocytes 
which have wandered into the gland, from adjacent lymph nodes, from 
collections of lymphocytes which are a result of chronic mastitis and in 
which condition they are so commonly and almost constantly seen or are 
metastatic deposits. 


Fig. 5.—Lymphosarcoma (X130). 


Deposits in the breast have been reported in cases of chloroma, with 
and without blood changes, in lymphatie leucemia, lymphogranuloma 
of the Hodgkin’s type, and lymphosarcoma. Three types of disease may 
be present: (1) that in which involvement of the breast is merely part 
of a generalized process; (2) the less frequently appearing cases of an 
apparently localized lymphogranulomatous neoplasm which is subse- 
quently found to be part of a systemic disease ; and (3) localized lympho- 
granuloma and lymphosarcoma. 

In the present series of sarcomas two cases of lymphosarcoma have 
been found. One patient had a mass in both breasts and she subse- 
quently was found to have a generalized process. Radical amputation 
of the left breast for a malignant lesion was performed in the second 
case and microscopic study has shown this to be a lymphosarcoma 
(Fig. 5). 
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Two other malignant lesions of the breast should be briefly mentioned. 
According to Fox, the neurogenic sarcomas have their origin in the 
The neoplastic cells are varied in size and shape and 


nerve sheaths. 
neither a perithelial nor a periductal arrangement is seen. Tumor giant 
cells and huge multinucleated cells may be found; hemorrhage and 
necrosis are frequent. Schultz-Brauns, writing in the handbook of 
Lubarsch and Henke, was able to find but three cases reported in the 
literature and he added that these are all doubtful and that a true neuro- 
sarcoma of the breast probably does not occur. The term itself is some- 
what misleading, and these tumors, if they do exist, should be called fibro- 
sarcoma, with the qualification that they originate from nerve sheaths. 

Malignant melanoma of the breast has been reported on several occa- 
Because of the con- 


sions as a carcinoma, and on others, as a sarcoma. 
troversy as to their origin and the facet that intramammary melanomas 
are probably of a secondary nature, we shall limit our consideration of 


them. 

Thirty-six patients who had various types of sarcoma and one patient 
who had a mixed type of tumor (carcinoma and sarcoma combined ) 
The pathologie diagnoses are presented 


comprised the group studied. 


in Table LV. 


TABLE IV 


PATHOLOGIC DIAGNOSES IN THE CASES STUDIED 


CASES 


DIAGNOSIS 
Adenofibrosarcoma 
Adenochondrofibrosarcoma 1 
Fibrosarcoma 9 
Hemangioendotheliosarcoma | 1 
Lymphosarcoma | 2 
1 


In one of the cases of adenofibrosarcoma and in four of the eases of 
fibrosarcoma operation had been performed elsewhere before they were 
encountered for the first time at the clinic. Table V consists of a brief 
summary of the various types of pathologic changes encountered by 


TABLE V 


SARCOMA OF THE BREAST; PATHOLOGIC CHANGES ENCOUNTERED BY VARIOUS AUTHORS 


TOTAL | FIBRO- CYSTO- ADENO- 
| SARCOMA SARCOMA SARCOM 
AUTHORS |YEAR| CASES SARCOMA SARCOMA a 
SAR- 
NUM- NUM- | NUM- NUM- NUM- 
COMA 9g g g 
srr | | per | per | ser | | per | 
Gross 1887) 156 68 27 5 
Gebele 1901 34 11 68 5 14 7 20 2 6 
Finsterer | 1907 40 10 35 6 15 18 45 
Geist and (1915 22 5 22 4 18 4 18 2 
Wilensky 435* 136 31 62 14 54 12 i) 26 6 
Fox 1934 60 42 70 | 2 8 


*Total collected cases. 
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various authors in studies of sarcomas of the breast. Twenty-four of 
the thirty-three cases of fibrosarcoma (73 per cent) had their origin in 
adenofibroma, and thus are correctly designated as adenofibrosarcoma 
and in one ease as adenochondrofibrosarcoma. The relatively high inci- 
dence of sarcoma arising in adenofibroma is not generally appreciated. 
Round-cell sarcoma was not found at all. 

Tumor giant cells were found in eleven of the specimens studied. Of 
these, six were adenofibrosarcoma, one was adenochondrofibrosarcoma 
(Fig. 6), three were fibrosarcoma and one was the mixed growth. One 
of the fibrosarcomas also contained multinucleated foreign body giant 
cells. 


Fig. 6.—Adenochondrofibrosarcoma 250). 


In marked contrast to carcinoma of the breast from which regionat 
metastasis to the lymph nodes is fairly frequent, not one of the pa- 
tients studied showed such involvement. In eight cases, the axillary 
lymph nodes, and in one, the supraclavicular lymph nodes were enlarged 
on clinical examination, but microscopic study revealed all to be of an 
inflammatory character. (Geist and Wilensky found that, in thirteen 
(3 per cent) of a total of 485 collected cases, malignant involvement of 
the regional lymph nodes occurred. 


CONCLUSIONS 


1. Thirty-six sarcomas of various types and one mixed tumor com- 
prised the total series. 

2. In twenty-four of the thirty-three cases, the fibrosarecomas (73 per 
cent) had their origin in adenofibromas. 
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3. Genetically and practically, neoplasms of such an origin are prop- 
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erly designated as adenofibrosarcoma. 

4. The use of the term ‘‘round-cell sarcoma’’ is antiquated and obso- 
lete, and it does not have a place in the nomenclature of the neoplasms 
under consideration. 


. Likewise, the employment of the expression ‘‘giant-cell sarcoma’’ 


is fallacious and misleading and does not serve a practical advantage, 
as the fundamental pathologie character of the neoplasm is not there- 
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ISOTONIC AQUEOUS IODINE SOLUTION AS A SKIN 
ANTISEPTIC 


A CLINICAL APPRAISAL 


MarsHaui Lee, M.D., I. Hoxworru, M.D., CINCINNATI, OHI0 
(From the Department of Surgery of the College of Medicine, University of Cin- 
cinnati, and the Cincinnati General Hospital) 


INTRODUCTION 


HE properties and effectiveness of isodine, an aqueous solution 
containing 1.85 per cent free iodine and 2.189 per cent of its so- 
dium, calcium, and potassium salts, as a skin antiseptic have already 
been studied from an experimental standpoint. 

In a comprehensive study of 34 commonly used skin antiseptics 
Allen, Moorehead, and Edgerly! found that more uniform bactericidal 
action was exhibited by iodine solutions and by merthiolate 1:1,000 
than by any of the other solutions tested, using Wright’s method. In 
skin sterilization tests isotonic aqueous iodine solutions and merthiolate 
1:1,000 again proved uniformly superior, both to all other antiseptics 
and to other iodine solutions in different strengths and different sol- 
vents. The superiority of aqueous iodine as compared to various 
commercial solutions and to varying dilutions of standard antiseptics 
also was demonstrated by Nye? in a series of in vitro experiments. 

Karns and his associates* * have conducted detailed studies of iodine 
solutions in different solvents and in varying strengths. They showed 
that most of the undesirable effects of iodine solutions are ‘‘due to a 
lack of adjustment of the dose between the amount of the active agent 
required to give adequate antisepsis and that causing tissue destruc- 
tion.’’ Karns also demonstrated that the wetting and staining power 
of iodine in aqueous solution is not only greater but more uniform 
than in aleohol or glycerol solutions, and that an exact dosage could 
be delivered to the painted surface. On this basis he evolved a formula 
for the preparation of an aqueous solution of iodine and its sodium, 
potassium, and calcium salts in approximately the same ratio of each 
component as they occur in the blood. This, of course, can be made 
up in any strength, preserving the ratio of each component, and he 
found that the optimum strength was 2 or 3 per cent (free iodine) 
depending on whether the surface to be painted was skin or mucous 
membrane. The 3 per cent solution was shown, in experiments on 
guinea pigs and on the human skin, to have a greater staining and 
penetrating power than any other solution tested. Biskind®:® also 
demonstrated the greater speed of penetration of isotonic aqueous 
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iodine solutions, but he found that the tanning effect, and consequent 
reduction of permeability, on frog’s skin was about the same for the 
aqueous solution as for the 7 per cent tincture. 

Thus, the experimental background for the use of isotonic aqueous 
iodine solution as a skin antiseptic has been thoroughly established, 
but it has not been subjected to a critical analysis of its clinical suit- 
ability for the preoperative preparation of the skin, and it was for 
this purpose that the present study was undertaken. 

Secor’ has reported very satisfactory results with the use of aqueous 
iodine solution in hospital work, but does not record a detailed analysis 
of his methods or findings. It is apparent that any such clinical evalu- 
ation must be, at best, to a large extent empirical, but every effort 
has been made, in the present study, to approximate as closely as pos- 
sible the accuracy of laboratory experimentation. 

It was felt that the most logical approach would be a comparison 
with a standard mercurial skin antiseptic and with an aqueous iodine 
solution (Lugol’s solution diluted to 1.55 per cent iodine and 3.7 per 
cent potassium iodide content) not ordinarily used for this purpose, 
but resembling in some respects the product under scrutiny. 

The criteria for study and comparison were as follows: 

1. Bacteriocidal and bacteriostatic effect in actual use at the operat- 
ine table. 

2. Advantages and disadvantages as to ease and smoothness of ap- 
plication, quantities required, and the like. 

3. Delayed secondary effects, such as skin irritation, burns, desqua- 
mation, ete. 

4. Personal impression of the various surgeons cooperating in the 
study by using the preparations under investigation. 

5. Cost of the various preparations. 


METHOD 


Two hundred and sixteen consecutive operative cases were used in 
the study. These were routine surgical and gynecologic patients in the 
operating rooms at the Cincinnati General Hospital and were unse- 
lected, except that only ‘‘surgically clean’’ ones were included. Ab- 
scesses, empyema, osteomyelitis, and similar infected cases were not 
included for obvious reasons. With these exceptions, patients were 
taken in chronological order and divided into alternate weekly periods. 
Isodine was used in the preparation of the skin on all cases for one 
week, and, by turn, merthiolate, a mercurial antiseptic, was used the 
following week. The investigation extended over a period of three 
months. Because dilute Lugol’s solution is of dubious value as a skin 
antiseptic, it was not considered safe for use in the main operating 
rooms. A small series of minor surgical cases in the Out-Patient Clinic 
was employed to conduct a parallel study of this iodine solution. 


SURGERY 


TECHNIQUE 


A cotton swab culture (the swab dipped in sterile normal saline 
solution) was taken from the operative field after simple cleansing of 
the skin with soap and water, alcohol, and ether, a procedure which 
is routine for all operative cases on our surgical divisions, regardless 
of the skin antiseptic used. A second swab culture was taken from 
the same area after application of the skin antiseptic. Then, after the 
field had been draped, a small fragment of skin was taken, either from 
the edge of the incision or from the immediately adjacent skin. All 
specimens for culture were placed in dextrose-ascites broth at once 
(No. 1 in 10 ¢.c. and Nos. 2 and 3 in 150 ¢.c.) and transferred imme- 
diately to the incubator. All swabs used for taking the swab cultures 
were especially prepared for uniformity of cotton content, and the 
technique of taking the cultures was approved by one of the bac- 
teriologists (Dr. G. E. Gerwe) collaborating with us. 

The samples were incubated seven to ten days at 37° C., and daily 
examinations were made for appearance of any contamination. At 
the end of the incubation period, all noncontaminated samples were 
inoculated with 0.1 ¢.c. of a 1:100 dilution of twenty-four-hour pure 
culture of Staphylococcus aureus (certain exceptions will be noted 
later). It was found, after this procedure, that a certain number of 
samples from the Culture 2 series still failed to show growth. It was 
apparent that this must be due to the bacteriostatic action of the skin 
antiseptic, enough of it having been carried over on the swab from 
the painted skin surface to inhibit growth of the direct inoculation. 
The media in these samples were then diluted to various degrees with 
distilled water and reinoculated with Staphylococcus aureus. Details 
of this special study will be presented below. 

All cases were followed postoperatively for wound infections, burns, 
skin irritations, desquamation, and similar untoward effects. 

The 216 cases used for the study were operated upon by fifteen dif- 
ferent surgeons, and the personal impressions of these men with re- 
gard to the comparative advantages of the three solutions were solicited 


and recorded. 


DATA AND OBSERVATIONS 


1. Bacteriologic Studies—The total number of samples examined and 
the number of contaminations are tabulated in Table I. 

Several inferences may be drawn from this table. First, that so far 
as can be determined by the swab culture method, simple cleansing 
of the skin with soap and water, alcohol, and ether is fairly effective, 
since only 49 (22.6 per cent) of the 216 cases showed any contamina- 
tion after this routine procedure. 
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TABLE I 


NUMBER OF CONTAMINATIONS 


TOTAL NO. 1 (SWAB NO. 2 (SWAB 7 
SAMPLES NUMBER FROM WASHED FROM PAINTED . NO. 3 (SKIN » 
FRAGMENT IN 150 
OF CASES SKIN IN 10 ¢.c. SKIN IN 150 C.C. OF BROTH) 
OF BROTH ) C.C. OF BROTH ) esi 
Merthiolate Eile) 24 (21.6%) 0 23 (20.7%) 
Dilute Lugol’s BG | 1 ( 9.0%) 0 3 (27.2%) 
1.85% iodine 
Isodine 94 24 (25.5%) 14 (14.9%) 28 (29.7%) 
1.85% iodine 
Total 216 49 (22.6%) 


Second, that none of the solutions is very effective on the deeper 
skin structures (penetration into hair follicles and sweat and sebaceous 
duets) since a high percentage of all cases showed contamination from 
the skin fragments and the percentage was about the same for all 
types of skin antiseptic. It is worth noting here, also, that the amount 
of solution transferred to culture media in this series is minimal as 
compared to that absorbed and carried over on the swab in Series 2. 
This fact may explain in part the increased contaminants in Series 3 
as compared to Series 2. It is, of course, common knowledge that no 
skin antiseptic is very effective against deeply lying organisms and 
the present series is too small to warrant any conclusion regarding the 
penetrating power of the three solutions. As was indicated above, 
this point already has been investigated. 

Third, it would appear at first glance that both dilute Lugol’s solu- 
tion and merthiolate are considerably more effective on the surface, 
since none of the samples in Series 2 showed any contamination with 
these solutions, while 14 (15.5 per cent) of this same series, using 
isodine, showed contamination. A further analysis of the results, how- 
ever, throws additional light on this point. 

Table II represents a complete tabulation of all of the cases of Series 
1 and 2 of the isodine group which showed contamination. 

It becomes apparent that only 4 of the 14 cases in which No. 2 was 
contaminated had originally shown contamination in No. 1, suggesting 
failure of the isodine to sterilize the skin. 

The remaining 10 cases in Series 2 were cases where there had been 
no growth after the original routine washing, suggesting either that 
organisms present were missed by the swab in Culture 1 or that posi- 
tive cultures in Series 2 of these cases might represent outside con- 
taminants. Since these 10 cases must remain equivocal, in only 4 of 
the 94 eases in which isodine was used can it be argued with reasonable 
plausibility that the antiseptic had failed to sterilize the skin, and this 
compares more favorably with the results where merthiolate was used. 

It will be recalled that in the whole series all negative samples were 
reinoculated with 0.1 ¢.c. of a 1:100 dilution of a twenty-four-hour 
pure culture of Staphylococcus aureus, This practice was abandoned 
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TABLE TI 


ISODINE GROUP 
CONTAMINATIONS IN SERIES 1 AND 2 


INCUBATED SAMPLES 


| 
| 
1 88040 + | - 
9 88335 + 
3 83707 + | - 
5. 88754 + | + 
6. 88704 | 
7 88676 - 
8 88619 | + | - 
9 SS618 + 
10 88614 + 
ii; 88583 
12. 88690 4. 
SS728 = 
14. 88523 | + + 
15. 89267 | + 
16. 88391 + = 
18. 89277 + 
19, 89358 + 
20. $9527 + 
S9TS6 | + 
23. 89929 ve + 
24. 89896 + - 
25. 89548 
26. 89983 + 
27. 91626 + 
28. 91574 + 
29. 91551 
30. 91730 + 
31. 91574 - + 
32. 93033 | + + 
93242 | + 
34, 93187 + 
Total contaminations No. 1 only 20 
Total contaminations No. 1 and 2 4 
Total contaminations No. 2 only 10 
Total contaminations 34 


on the last 32 cases in the series, because the information sought 
already had been gained on the first 184 cases. These reinoculations 
showed growth promptly in 100 per cent of the samples from the 
washed skin, as would be expected, there being no antiseptic solution 
carried over to inhibit growth of the direct control inoculation. In 
Series 2, however, reinoculation showed the results given in Table III. 


A study of this table suggests that the amount of merthiolate car- 
ried over on the swab into 150 ¢.c. of the broth exerted enough bac- 
teriostatic action to inhibit growth completely in 68.6 per cent of the 
directly reinoculated samples, while with the other two solutions, 100 
per cent and 90 per cent respectively, of the reinoculated samples 
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TABLE III 


Resutts AFTER REINOCULATION IN THE NEGATIVE CULTURE SERIES 2 OF ALL THREE 
SOLUTIONS TESTED 


NUMBER POSITIVE NEGATIVE 
REINOCULATED AFTER REINOCULATION AFTER REINOCULATION 
Merthiolate 99 31 ( 31.3%) 68 (68.6% ) 
Isodine 75 75 (100.0% ) 0 
Dilute Lugol’s 10 9 ( 90.0%) 1 (10.0%) 
Total 184 


showed growth. We do not believe, however, that this indicates greater 
fallibility on the part of the latter solutions. The more uniform and 
rapid drying power of aqueous iodine solutions has already been 
demonstrated by other investigators (Karns and co-workers). It was 
noted in the course of our study that, although the samples bore no 
identifying labels to indicate what skin antiseptic was used, the mer- 
thiolate samples were almost always recognized by the bacteriologist 
by their pink color (eosin), while the other samples showed no dis- 
coloration. This would imply that, because the aqueous iodine solu- 
tion dries more rapidly and uniformly, much less solution was carried 
over into the culture than that absorbed by the swabs applied to the 
still wet merthiolate painted surface. 

To follow up this point, a separate dilution study was carried out. 
The amount of merthiolate absorbed by the swabs being highly vari- 
able, a series of samples was selected according to depth of color, 
assuming that the deeper the color (eosin) the more merthiolate had 
been absorbed on the swab. To each sample selected distilled water 
(sterile) was added in given amounts and inoculation was repeated, 
as indicated, and the samples reincubated, with readings at twenty- 
four and forty-eight hours. The information sought is tabulated in 


Table IV. 
TABLE IV 


DEGREE OF 


CASE ISTILLED 24-HOUR STAPHY. GROWTH IN 

OF SAMPLES 
88965 10 24 Very faint pink 
89076 15 c.e. 1 ee, 48 Medium pink 
88781 20 e.c. 1 ec. 0 Not very deep 
88497 25 ¢.¢. ee. 0 Not very deep 
88911 30. 48 Light pink 
88314 35 ¢@.c. 48 Light pink 
88905 40 c.e. 0 Very deep pink 


It becomes evident, then, that the apparent high degree of effective- 
ness of the merthiolate solution, as compared to that of isodine, was 
more probably due to the greater amount of merthiolate absorbed on 
the swab in making the original cultures. 

It seems fair to conclude, therefore, that in bacteriocidal and bac- 
teriostatie action the two antiseptics are of about equal value. This 
is in agreement with the findings of Allen, Moorehead, and Edgerly. 
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As collateral evidence, it seems pertinent to note at this point that 
only two wound infections occurred in the entire series. Both of these 
happened to be in cases where merthiolate had been used, and in both 
the infection was satisfactorily explained on the basis of factors un- 
related to preliminary skin sterilization. 

As might be expected, from the well-known character of the average 
skin contaminants, the organisms recovered from the test samples were 
as follows: B. subtilis, B. pyocyaneus, Aerobacter aerogens, sareina, 
Staphylococcus aureus, Staphylococcus albus and nonhemolytice strepto- 
eoccus. An analysis of the relative frequency of occurrence of the 
various organisms would contribute nothing to the problem under 
consideration. 

2. Physical Advantages and Disadvantages.—In regard to the phys- 
ical properties of the two solutions, isodine was found to be the more 
difficult to apply. If applied in minimal amounts, the sponge having 
been wrung out, a smooth coating was produced, but the process of 
application was slower. If larger amounts were used, with the sponge 
not wrung out, there was an annoying tendency for the solution to 
puddle and run off the skin and the excess had to be removed with 
a dry sponge, with resultant delay in preparation and draping of the 
patient. Merthiolate was found to paint smoothly regardless of the 
wetness of the sponge, thus eliminating the necessity of wringing the 
sponge or wiping off the excess. 

It was also noted that the deeper color (eosin) of the merthiolate 
made the limits of the prepared skin area much more clearly defined. 

A third disadvantage of isodine was the rather sharp acrid odor 
which was found to be extremely irritating to the eyes and to the nasal 
mucosa of the operator, inducing an annoying lachrymation in addi- 
tion to the unpleasant odor. 

3. Delayed and Secondary Effects—From this standpoint, isodine is 
again at a slight disadvantage. No serious burns were encountered 
in any of the cases. In the merthiolate series no irritation of any sort 
occurred in any case. In the isodine series 12 cases showed slight 
desquamation in areas where adhesive tape had been applied over the 
painted surface. Of these 12, 11 had no discomfort and the desquama- 
tion was so slight as to be scarcely worth mentioning. In the twelfth 
there was itching and subjective irritation, and lanolin was applied 
for twenty-four or thirty-six hours with complete relief. 

4. Personal Impressions of the Fifteen Surgeons in Whose Cases the 
Solutions Were Used.—These may be summarized briefly by the fact 
that merthiolate was universally preferred. Although isodine was 
found to be perfectly satisfactory from the standpoint of wound heal- 
ing and efficiency as a skin antiseptic, all of the surgeons preferred 
merthiolate because of its ease and rapidity of application, efficiency, 
and clear delineation of the treated area. 
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The principal objections to isodine, in order of emphasis, were (a) 
greater difficulty of application, (b) acrid and irritating odor, (c) 
poorer delineation of the painted area, and (d) occasional skin 
irritation. 

5. Cost of the Preparations—Here the tremendous advantage of 
isodine is obvious. The cost of preparation of isodine is but a small 
fraction of that of merthiolate. Although this is an important con- 
sideration, especially in large nonprofit hospitals such as the Cincin- 
nati General Hospital, it was the general opinion of the group of 
surgeons consulted that they would prefer to pay the higher price for 
merthiolate because of the advantages, outlined above, which it offers. 


CONCLUSION 


It is our opinion that isodine is an efficient and satisfactory skin anti- 
septic for use in the preoperative skin preparation of surgical cases. 
In comparison with merthiolate, however, with the exception of the 
much more moderate cost of the former, we feel that its collateral dis- 
advantages make its general adoption for this purpose unlikely. 

Thorough washing of the skin with soap and water, alcohol, and ether 
was employed in all cases prior to the use of the antiseptics studied in 
this investigation. 
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Editorial 


The Conservative Treatment of Appendical Peritonitis 


HERE is a great deal of controversy among surgeons concerning 

the advisability of immediate operation in cases of acute appendicitis. 
In spite of one’s convictions concerning appendical disease, there can be 
no question that treatment of acute appendicitis is always surgical and 
should consist of immediate extirpation of the appendix before infection 
has extended beyond the confines of that viscus. 

In appendicitis, as in other conditions, however, the presence of cer- 
tain complications is of more importance in determining the type of 
therapy than the original lesion itself. This is particularly true in many 
cases of appendical peritonitis. Unfortunately, too many physicians con- 
sider the conservative treatment of appendical peritonitis as that of 
appendicitis and as a result of this there has been much confusion in the 
rationale of the therapy. As emphasized above, there is no conservative 
treatment of appendicitis; for, although in many cases of inflammatory 
disease of the appendix the infection will subside spontaneously without 
extension into the peritoneum, one is not justified in assuming that such 
will occur because of the consequences when it does not occur. 

In eases, however, in which there has been perforation of the appendix 
with production of peritonitis, unless the perforation has occurred with- 
in a very short period of time, conservative therapy should be instituted. 
The rationale of such treatment is based upon the fact that most cases 
of peritoneal infection will localize if given a chance. The addition of an 
operative trauma to a patient who is critically ill with a spreading peri- 
tonitis may produce a fatal result. Also, the patient whose lesion is be- 
ginning to localize invariably will be harmed by an operative procedure 
before complete localization has occurred, because breaking protective 
adhesions in removing the appendix will result in a spreading of the 
infection and recontamination of the peritoneal cavity, in addition to 
the trauma imposed by the operation. 

One of the reported disadvantages of the conservative treatment of 
appendical peritonitis has been that complications are more likely to 
occur. Being a staunch advocate of the method, I frankly admit that 
such is possible but that this is not necessarily undesirable. Complica- 
tions are more likely to occur following institution of conservative 
therapy because patients live long enough to develop the complications. 
Instead of a patient’s succumbing within three to four days after the 
operative procedure, the patient will develop a cul-de-sac, a subphrenie, 
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or other residual abscess a week or ten days later. The prompt recogni- 
tion and the institution of adequate drainage in these complications, 
however, will result in a complete cure. The contention that the con- 
servative treatment of appendical peritonitis is attended by a higher 
complication incidence is not borne out by the experience of the surgical 
elinie of Duke University in which the incidence of complications was 
lower than in those cases operated upon immediately. 

It should be emphasized, however, that the institution of conservative 
treatment of appendical peritonitis is much more difficult and taxes the 
surgical judgment of even the experienced surgeon. It certainly is no 
method of treatment to be used by the occasional operator, and I, per- 
sonally, am convinced that the physician who sees relatively few cases 
of peritonitis complicating appendicitis will do better by operating upon 
all such cases immediately, irrespective of the time that they are seen 


and the presence or absence of all complications. 
—Alton Ochsner. 


Recent Advances in Surgery 


CONDUCTED BY ALFRED BLALOCK, M.D. 


RECENT ADVANCES IN SURGERY OF THE ESOPHAGUS 


CLARENCE E. Birp, M.D., Provipence, R. I. 
(Continued from the October issue) 
CARCINOMA 

In 1923, Fischer concluded an historical review on the subject of 
surgical treatment of carcinoma of the esophagus with the prediction 
that ‘‘not many years from now many cures will have been accom- 
plished in a disease that was beyond help and hope.’’ It is my purpose 
to indicate the extent to which this prophecy has been fulfilled during 
the past sixteen years. 

The older writers were well aware of the fact that carcinoma originat- 
ing in the esophageal mucosa is resectable, pathologically speaking, in 
a fairly large number of cases (e.g., Billroth, 1871). The likelihood of 
complete removal is greater than in carcinoma of the stomach, for ex- 
ample. More recent studies in the main have substantiated this view. 
Turner (1934) noted that in all five cases in which he had been able 
to complete the radical removal of the esophagus, there was no evidence 
of dissemination. He remarked that ‘‘in one notable case the patient 
lived for 19 months after gastrostomy or 2144 months after the first 
symptoms of esophageal obstruction, and even then death was precipi- 
tated by perforation with a bougie. A long linear growth at the lower 
end showed only local spread.’’ Krauss (1933) mentioned a man who 
was thought to have an inoperable carcinoma in the lower third, but at 
autopsy six months later showed a small operable growth. Helsley 
(1923) studied 70 fatal cases at the Franz Josef Hospital in Vienna. 
Sixty-four per cent of the tumors were purely local, with no metastases 
to regional lymphatie nodes; only 6 per cent showed metastases to the 
nodes alone;* the other 30 per cent showed local and distant metastases. 
Among forty-nine necropsies at the Cook County Hospital in Chicago, 
28.5 per cent of the tumors had not metastasized (Buchbinder, 1925). 
In fifty-one autopsy records at St. Bartholomew’s Hospital, London, 
metastases were noted to be absent in 21 per cent (Raven, 1931). Of 
fifty-seven autopsied cases, Zuppinger (1936) reported 33.3 per cent 
without metastases (R6ntgeninstitut, Kantonsspital, Ziirich). Watson 
(1936) noted that in autopsies at the Memorial Hospital, New York, 


*For studies of the well-developed lymphatic network in and about the walls of 
the esophagus, see Kuzuya (1923) and Miyazaki (1933). 
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there were secondary deposits in about 50 per cent of the cases. He 
remarked that ‘‘carcinoma of the esophagus very often remains to the 
end a localized disease and death results from perforation of the growth 
into a vital structure.’’ No matter what the exact figure may be, it 
seems evident that, from the point of view of metastases, even very late 
in the disease at least 25 per cent of the tumors are removable. How- 
ever, some of these, which would otherwise be favorable for excision, 
must be excluded as inoperable because the tumor has invaded important 
structures, such as the aorta or left main bronchus, or because of other 
serious organic disease. King (1936) saw twenty-five cases in a year’s 
time; in two, or 8 per cent, the tumors were operable, although several 
more were explored. As in carcinoma of the stomach and colon, the 
rate of operability will probably increase with experience. 

Emphasis has frequently been placed on the necessity of early diagno- 
sis and the importance of putting the patient in the hands of the 
surgeon as soon as the lesion can be identified so that important time 
will not be lost (Rehn, 1898; Ach, 1913; Meyer, 1913, 1915; Jackson, 
1925, 1935; Ricard and Ballivet, 1987). Most authors agree that in the 
majority of instances the tumors are resectable when the first symptoms 
appear. These symptoms, as described by Jackson (1925), are often 
indefinite, but should lead promptly to esophagoscopie examination. 
Farrell (1930) noted that, because of the possibility of underlying 
malignancy, the esophagus should be re-examined after the removal of 
impacted foreign bodies, especially in older people. Since cough may 
occasionally be the earliest symptom, the esophagus should be examined 
in all cases of unexplained cough (Jackson and Jackson, 1933). The 
dysphagia may be intermittent. Burning sensation under the sternum 
was a prominent symptom in patients of Moersech (1987) and Garlock 
(1938). The early symptoms, however, may not always lead to a diag- 
nosis (Sherman, 1928; Mathews and Schnabel, 1935; MeGibbon, 1936; 
Loeper, Riom, and Perreau, 1936), and cases have been recorded in 
which metastases (New and Vinson, 1924) or evidences of invasion 
(Keefer, 1934) gave the first indication of the disease. Nevertheless, 
the evidence at hand indicates that diagnosis by roentgenography and 
esophagoscopy can be made sufficiently early so that the surgeon should 
be able to remove about 10 per cent of these tumors. A point in the 
patient’s favor was brought out by Master (1925). He found the red 
blood cell count normal, or slightly elevated due to concentration, in 
contrast to the count in patients with carcinoma of the stomach, who 
were, as a rule, anemic. Schaer (1930) and Sharp (1931) found leuco- 
plakia of the esophagus to be very common, especially in males over 40 
years of age. It may be precancerous in some instances, but it is im- 
possible to foretell malignancy on the basis of leucoplakia as seen at 
esophagoscopy. 
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Surgeons such as Sauerbruch, Meyer, Torek, Zaaijer, Lilienthal, Egg- 
ers, and Turner have persisted in their attempts to combat carcinoma 
of the esophagus surgically because of the disappointing ineffectiveness 
of radium and x-ray treatment, at least as at present applied. Of the 
many thousands of patients so treated, only about twenty are reported 
to be cured and many of these cures are questionable either because 
insufficient time has elapsed or because the histologic evidence is in- 
complete. Guisez (1930, 1936) claims about fourteen cures by radium 
therapy, mostly in the ‘‘basal cell type of tumor in the midesophagus.’”’ 
Though he has had no permanent successes himself, Watson (1933, 
1934) is much impressed by Guisez’ results. Hill (1924) reported one 
patient well seven years after treatment by radium, another after three 
and one-half years. In seven additional eases of seventy-seven treated, 
the local tumor disappeared completely for from six months to five 
years. Dufourmentel (1930) recorded a six-year cure of a ‘‘basal 
cell epithelioma’’; two other patients were alive and apparently well at 
the end of four and three years. Crump and Kasabach (1935) com- 
pletely destroyed a squamous cell carcinoma of the upper third by 
radium and deep x-ray therapy, as shown at autopsy. In two eases 
treated by heavy external radiation at the Memorial Hospital, New 
York, the carcinoma was eradicated, but death had occurred from per- 
foration and suppurative mediastinitis, the result of radiation (Watson, 
1936). The many other writers on the subject report adverse or incon- 
elusive results, but several express hope for the future based on new 
researches and improved techniques, particularly by external radiation 
(e.g., Pirie, 1923; Greene, 1924; Lewis, 1924; Mills and Kimbrough, 
1925; Wright, 1929; Moran, 1930; Howarth, 1932; Teperson, 1932; 
Beck and Guttman, 1932; Cleminson and Monkhouse, 1934; Levitt, 1934; 
Zuppinger, 1936; Cain and Solomon, 1937). Woodman (1929) and 
Cleminson (1929) treated several patients by thoracotomy and direct 
implantation of radon seeds. Woodman’s report in 1931 indicates that 
the method as applied was ineffective. Ricard and Ballivet (1937) ex- 
pressed the belief that if surgeons had a chance to resect the large 
number of early cases now sent to radiologists the surgeons’ results 
would be incomparably better than any the radiologists have been able 
to present. 

That the subject of carcinoma of the esophagus is of great importance 
is indicated by the figures of Hoffmann (1934) and Watson (1936). 
Hoffmann, as consulting statistician for the Prudential Insurance Com- 
pany, found that in the United States registration area the death rate 
from the disease had increased from 1 in 100,000 in 1915 to 1.7 in 1932. 
The rate for England and Wales was 5.9 in 100,000; Seotland, 4.9; 
Trish Free State, 5.2; Northern Ireland, 3.5. In England and Wales 
for 1931, the proportion of males to females was approximately 3 to 1. 
Most statisties, including those of Guisez (1935), in France, place this 
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proportion at 4 to 1; Macmillan (1935) reported 6 to 1. Watson notes 
that 3.5 per cent of all deaths from cancer in New York City are due to 
carcinoma of the esophagus. Clairmont (1924) estimated that about 

25,000 men die of carcinoma of the esophagus in Europe annually. 

Palliative Treatment.—In some of the clinies where endoscopic tech- 
nique is highly developed, palliative treatment is carried on for the most 
part by repeated dilatation of the stenosed area on a string previously 
passed (Vinson, 1923, 1925, 1936; Moersch, 1929; Leven and Bowers, 
1938), or by dilatation plus the insertion of an inlying coiled wire tube 
with an upper shoulder to keep it in place (Souttar, 1927, 1934; Murray, 
1931; Howarth, 1932), with or without radiation. Most of these clinics 
do not favor gastrostomy, but Jackson (1935) recommends early gas- 
trostomy, rest, and proper feeding. Others (e.g., Friedenwald, Zinn, and 
Feldman, 1927; Tasche, 1932; Watson, 1923) recommend gastrostomy, 
usually by a technique which provides a permanent valved opening from 
which the tube may be removed between feedings. 

Carcinoma of the Upper Esophagus.—Two factors appear to have 
contributed to a recent lack of interest in carcinoma of the upper third 
of the esophagus, as compared to the enthusiasm shown in the attack 
on growths in the middle and lower thirds. In the first place, the cases 
are not so common; second, the field of operation is ill defined and the 
lesion most frequently encountered (Trotter’s young and middle-aged 
female type of hypopharyngeal epithelioma) is prone to be neglected 
both by the laryngologist and the thoracie surgeon. Paterson (1931) 
warned that in this disease the original diagnosis is almost always hys- 
terical dysphagia. In this review the hypopharyngeal epitheliomas will 
be considered with the upper esophageal tumors because they so often 
extend into the esophagus. 

Billroth’s (1871) demonstration in dogs that a portion of the cervical 
esophagus can be removed successfully laid the foundation for the orig- 
inal esophagectomy for carcinoma by his associate, Czerny (1877). By 
the time of Mikulicez’s paper (1886), ten similar resections had been 
done. There followed, among others, the reports of Carré (1898), 
Gluck (1898, 1918), Trotter (1913), Gluck and Soerensen (1920, 1923), 
Logan Turner (1920), Kiittner (1921), Sauerbruech (1925), Torek 
(1926), Lotheissen (1929), Zaaijer (1930), Orton (19380), Zange (1931), 
Evans (1938), Ingebrigtsen (1933), Truesdale (1934), Lewis 1934), 
Pileher (1987), and Hoover (1938). 

Out of the 200 or so epidermoid carcinomas of the hypopharynx, and 
the ten or twelve originating in the upper esophagus, which have been 
resected, no more than ten are reported to be cured for more than five 
years (Gluck, six cases, 1928; Wallace, 1920; Evans, 1933; Trotter, 
1937; Hoover, 19388, 1939). The tumors in Trotter’s and Hoover’s eases 
were confined to the uppermost portion of the esophagus. All of the 

other growths which were cured involved the hypopharynx, although 
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some of them may have originated in the upper esophagus. In Evans’ 
patient, a female, aged 63 years, a squamous cell carcinoma which in- 
volved the larynx and esophagus extensively had been removed twenty- 
three years previously. She now lived in comfort by the use of a rubber 
esophagus which she inserted between the cervical opening and the gas- 
trostomy at each meal. Trotter’s patient, a male, was well at the age 
of 72 years, ten years after excision of an epidermoid carcinoma. In 
Hoover’s case, a woman, aged 49 years, had had dysphagia for five 
months; biopsy showed a small, Grade 1, epidermoid carcinoma at the 
upper end of the esophagus. Bilateral dissection of the cervical lymph 
nodes showed no metastases. Ten days after removal of the nodes, the 
localized upper esophageal tumor was excised through a right lateral 
wound by removing a portion of the thyroid ala (Trotter’s hypopharyn- 
geal approach). It was possible to retain a narrow strip of the wall 
of the lower pharynx and esophagus. A Levine tube was inserted and 
later a thread was passed and dilatations were carried out over it. At 
present there is no evidence of recurrence and a 7 mm. esophagoscope 
can be passed without difficulty. 


In at least two of the cured patients recurrent laryngeal paralysis 
had occurred previous to the resections (Evans, Trotter). In most of 
the cases the regional lymph nodes have been excised, but usually they 
have not been found involved. In Gluck’s six cases, and in Evans’ ease 
the larynx was removed, but Trotter and Hoover did not find this 


necessary. 

The techniques of lateral pharyngotomy, local resection of the upper 
esophagus, and radical laryngopharyngoesophagectomy, together with 
the plastic procedures requisite for preservation and restitution of the 
respiratory and swallowing functions, are well described in the refer- 
ences cited (see also Pokotilo, 1930).* Wilensky (1914) emphasized the 
importance of a preliminary gastrostomy. Trotter (1913) stressed the 
desirability of determining the exact site and, whenever possible, the 
approximate extent of the growth before operation in order that the 
plans for excision and reconstruction by fascial and skin flaps should be 
more perfect. Churchill (1935), using the methods of reconstruction 
described by Trotter, found that the two patients from whom he excised 
hypopharyngeal carcinomas were never able to swallow anything ex- 
cept small amounts of liquids. King (1936) noted that, because of the 
possibility of invasion of the primary bronchi or trachea by the growth, 
‘*bronchoscopy should always be performed when the growth is at or 
above the level of the sixth thoracic vertebra.’’ Rutherford’s expe- 
rience (1934) emphasizes this point; during an operation by the cervical 
route he found the trachea infiltrated by tumor. 


*A curious sequel of a plastic operation of this nature was recorded by Roberts 
(1934) in a man whose esophagus became obstructed by hair which grew down from 
a flap of skin which had been turned in from the neck to close a pharyngeal fistula 
following a laryngectomy for carcinoma. 
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Through a cervical exposure, Kiittner (1921) freed a growth at the 
level of the clavicles and successfully invaginated the lower stump of 
the esophagus, leaving a pack in the upper mediastinum. Sauerbruch 
(1925), Zaaijer (19380), and Evans (1933) found that the esophagus 
may be severed in the upper mediastinum as low down as the arch of 
the aorta and that, by inserting a tube and packing around it, serious 
mediastinitis did not occur. Zaaijer’s exposure included the removal 
of the manubrium and portions of the clavicle and first and second ribs. 
Sauerbruch (1925) described a right anterior upper thoracic approach 
for growths immediately below the thoracic inlet, and Butler (1937) 
noted that a good exposure of the region is obtained at the time of a 
Semb (1935) posterior thoracoplasty. 

The results of surgical excision in the upper esophagus have not been 
encouraging on the whole, but they are good enough to stimulate the 
conscientious surgeon to make continued attempts at cure. Radiation 
appears to be ineffective except for palliation. 

Carcinoma of the Midesophagus.—About one-half of the carcinomas of 
the esophagus involve the middle third. As a rule, the entire thoracic 
portion must be removed if a cure is to be hoped for (Torek, 1927). 
Excisions of this nature have been carried out with increasing fre- 
quency during the past few years and there is cause for some encourage- 
ment in a heretofore disheartening field. 

When discussing carcinoma, a careful distinction must be made _ be- 
tween operative success and cure. The only certain cure of a carcinoma 
of the midesophagus was obtained by Torek (1913), whose patient lived 
twelve years after the resection and died at the age of 80 years of pneu- 
monia without recurrence, as shown at her autopsy (Torek, 1927) .* 


Even the operative successes were few and far between up to the 
present decade. Among an estimated 100 attempts between 1913 and 
1930, successful excisions of the midesophagus were recorded only by 
Zaaijer (1913, 1929), Torek (1918), Lilienthal (1921), and Eggers 
(1925). During this time, the technique of thoracie surgery had _ be- 
come quite highly developed and it seemed almost impossible that the 
results should be so poor. 


One point in technique gradually became firmly established: that 
following a transpleural operation for carcinoma of the esophagus a 
catheter should be led, airtight, out of the pleural cavity to a container 
of sterile water placed on the floor. Torek did not use drainage of any 
kind in his successful case, but Willy Meyer (1915) considered the 
result distinctly fortunate, and the successful cases of Eggers (1925, 
1930), who drained, and the many failures of others (e.g., Bessesen and 
Bessesen, 1931) who did not drain, indicated that a tube probably 
should be inserted. The end of the catheter should be placed no more 


*Some of the early experiments on which Torek’s technique was founded are 
described in the work of Kelling (1904). 


: 


778 SURGERY 


than one inch within the pleural cavity (Abel, 1926). Occasionally the 
tube becomes walled off between the lower lobe of the lung and the 
diaphragm and fails to keep the pleural cavity empty, as demonstrated 
in my personal experience. For this reason it may be wise to leave a 
second catheter at a higher level. In some eases it might seem best to 
the operator to pass a third airtight tube into the lower mediastinum, 
and possibly a fourth through the skin and sternomastoid muscle into 
the mediastinum from above. The incidence of empyema following any 
transthoracic operation on the opened esophagus remains extremely 
high. By this use of closed drainage with a water seal, introduced in 
1911 by Kenyon for empyema, the dangers of empyema and medias- 
tinitis are diminished.* 

No other essential changes in technique have been introduced since 
Torek’s first operation. As a matter of fact, the principles which should 
have led to success were known to Sauerbruch as early as 1909. But, 
time after time, during the seventeen years between 1913 and 1930, 
some error in technique, or an unforeseen but often preventable cir- 
cumstance in the preoperative or postoperative care, brought disaster to 
the patient (Unger, 1913; King, 1936); and the errors still continue, 
so difficult is it to carry through the entire program with good judg- 
ment. The many tragedies led Lilienthal (1921, 1923) to persist with 
the posterior mediastinal approach (operation of L. Rehn, 1898). This 
minimized the dangers of infection, but it is not favored by most opera- 
tors because of inadequate exposure and the inability to remove a seg- 
ment of esophagus long enough to insure against recurrence. 

The errors in technique which led to fatalities in so many cases by the 
transpleural route were mostly those which resulted in mediastinitis, 
empyema, atelectasis, and pneumonia. Less often the patients died 
quickly as the result of trauma and hemorrhage. Some reports have 
incriminated the cardiac musculature or vagal inhibition, but, if the 
patient is kept well oxygenated during anesthesia and the tissues are 
handled gently, there is little reason to believe that these are important 
factors. 

Mediastinitis, in not a few instances, has occurred as the result of 
rupture of the tumor during attempts to free it (e.g., Bunnell, 1922). 
Most writers who have had this experience have noted that the tumors 
were obviously so fixed to surrounding structures as to be inoperable and 
that efforts to remove the growths should not have been persisted in. 
In another group of cases ligatures have slipped off the esophagus, 
resulting in gross contamination of the mediastinum. This tragedy ean 
be prevented by tying tightly, and doubly, with heavy braided silk or 
tape. Kelling (1904) appears to have been the first to use a finger 


*Edwards (1936) carried out a very satisfactory operation in a male, aged 60 
years, but no drainage was provided. Fluid collected and on the tenth day was 
purulent. The patient died on the twenty-first day of empyema and pneumonitis. 
Edwards ascribed this unfortunate result to failure to drain, 
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cot over the esophageal stump to help prevent mediastinal infection 
during exteriorization. This technique has been utilized by Lotheissen 
(1924), King (1936), Edwards (1936), and Garlock (1938). King and 
Garlock left the mediastinal pleura open intentionally, seeking in this 
way to afford drainage for the mediastinum through the catheter left in 
the pleural cavity. 

From the time of the earliest operations, surgeons have had difficulty 
in dealing effectively with the upper stump of the esophagus. When 
it is brought directly out of the cervical wound, it acts as a path along 
which organisms enter the serum-filled mediastinum, thus inciting medi- 
astinitis on the second or third postoperative day. When it is passed, 
as it should be (Ach, 1918; Rehn, 1913; Torek, 19138, 1929; Turner, 
1932), through a tunnel of normal subcutaneous fat before it emerges 
through an opening in the skin, a portion of its distal end may become 
necrotic from insufficient blood supply, thus leading to subcutaneous 
gangrene and retrograde mediastinitis. The blood supply of the esopha- 
gus should never be severed so high as to require the ligaturing of the 
inferior thyroid artery (Gohrbandt, 1927). The stump should be 
handled earefully to avoid injury to the muscular coats. It should not 
be acutely angulated over the manubrium and should be brought under 
the skin and subcutaneous tissues only for 4 to 6 em. It should be 
stitched to the skin with fine interrupted silk sutures which exelude it 
completely from the mediastinum without interrupting the supply of 
blood to the exteriorized portion. Extreme care should be taken to avoid 
puncturing the mucosa. A large catheter should be sutured into the 
stump and connected with a suction apparatus. If it is necessary, be- 
cause of a short stump or faulty nutrition, to bring the esophagus di- 
rectly out through the cervical wound, the patient should be nursed in 
Trendelenburg’s position, and the gauze packing about it should be 
changed very frequently to keep it dry (Turner, 1932). In Fischer’s 
successful case (1937) the esophagus was led out of the cervieal wound 
for a distance of 10 em. and a tube was tied into it. Remoteness of the 
source of contamination prevented infection, but possibly it would have 
been safer to bring the esophagus out under a bridge of skin. 


Empyema, atelectasis, and pneumonia most often have been the result 
of failure of complete expansion of the lung at the time of closure of the 
chest. Aspiration of the residual air immediately after operation prob- 
ably should be done more often. Patients have died also because air 
leaked inward through the thoracic wound, through the site of drainage, 
or through the cervieal wound. The cervical wound should be closed air- 
tight. If cervieal drainage of the mediastinum is thought to be desirable, 
a catheter might be placed through the skin and sternomastoid muscle, 
airtight, and brought out under a water seal. 


The tendency toward atelectasis and pneumonia appears to be in- 
creased when the phrenic nerve is paralyzed. Some authors have 
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ascribed pneumonitis to intratracheal anesthesia, but the evidence is not 
convincing. Rather, it occurs as a rule in association with widespread 
sepsis and atelectasis due to the presence of fluid and air in the corre- 
sponding pleural cavity, with or without paralysis of the diaphragm. 
Retention of secretions in the bronchial tree due to inability to cough 
them up may be the cause. Under these conditions, aspirations of the 
bronchial tree may be lifesaving (Haight, 1938). I have found that the 
introduction of a tracheotomy tube under local anesthesia is of great 
value in cases where suction must be repeated at frequent intervals. 

Turner (1933) and Fischer (1937) prevented pulmonary and pleural 
complications by blindly, but carefully, tunneling out the esophagus 
by the abdominocervieal route (operation of Denk, 1913). Turner’s and 
Fischer’s patients recovered; Orton (1936), who used the same tech- 
nique, lost his patient on the sixteenth postoperative day only because 
the abdominal wound ruptured. Gohrbandt (1927) expressed the 
opinion that this operation is less severe for the patient than the trans- 
pleural operation. However this may be, Turner (1934), who has had 
the greatest experience with this ‘* pull-through’’ method, discusses with 
some misgivings his difficulties, such as tearing of the growth, tearing of 
the pleura, postoperative hemorrhage and effusion into one or both 
pleural cavities. For growths of the middle portion of the esophagus 
he is ‘‘inelined to give further consideration to the posterior mediastinal 
or the transthoracic¢ route.”’ 

Seiffert (1929, 1935) demonstrated the feasibility, at least in his own 
hands, of the endoscopic excision of some of the tumors. In view of the 
fact that he had successfully treated a patient with a fresh perforation 
of the esophagus by splitting almost the entire length of the organ 
endoscopically, it occurred to him that a circumscribed section of the 
esophagus might be removed from within, leaving the raw bed to retract 
and heal. One of his three patients is reported well over five years after 
such a resection and none of them died of mediastinitis. Moersch (1937) 
reported a successful excision by the endotherm through an esophago- 
scope. 

From the standpoints of exposure and likelihood of complete removal, 
the soundest approach to tumors of the midesophagus appears to be 
the transthoracic. Since 1930, successful operations of this nature have 
been carried out by Eggers (1930), King (1936), Edwards (1936), Rad- 
ford (1937), Brunn and Stephens (1937), King (1937), Garlock (three 
eases, 1938), Garlock (1939), Adams (1939), and Churehill (1939). 
Carter (1939) lost a patient, eight weeks after an apparently successful 
Torek operation, from basal meningitis secondary to multiple small 
abscesses of the left lung. 

King (1936) makes the statement that ‘‘a negative microscopic finding 
must not be regarded as more important than the combined evidence ob- 
tained by the other observations.’’ This point of view may be justified 


| 


RECENT ADVANCES IN SURGERY 781 


in some instances, but Eggers (1938) and Whipple (1939) removed the 
esophagus in cases of supposed carcinoma, only to find that the speci- 
mens contained no new growth (see the section on Foreign Bodies, Infee- 
tions and Their Complications, page 789). In both instances the pa- 


tients recovered. If repeated biopsies taken from above have been nega- 
tive, a specimen removed by retrograde esophagoscopy through a gas- 
trostomy may identify the lesion (Lotheissen, 1924). Tissue may be 
removed from the lower end of a growth through an esophagoscope, 
passed by way of the stomach at the time of laparotomy (personal ex- 
perience of the reviewer). Most authors insist on definite diagnosis 
(e.g., Jackson, 1935). 

Torek (1927) objected to a right-sided transpleural approach for 
tumors which extend below the aortic arch on the grounds that the liver, 
diaphragm, and pericardium may prevent the removal of an adequate 
segment of normal esophagus below the tumor. He pointed out that a 
larger proportion of lung is collapsed during a right-sided than during a 
left-sided operation. Lotheissen (1924), Abel (1926), O’Shaughnessy 
and Raven (1934), Rieard and Ballivet (1938), and Churehill (1939) 
are impressed with the possibilities of the right-sided route in selected 
cases. 

The operation of Torek may be converted into a two-stage procedure 
by severing the esophagus in the upper mediastinum by a cervical ap- 
proach, closing the lower stump and bringing the upper stump out at the 
neck at the time the gastrostomy is performed or as a separate pre- 
liminary step (Lotheissen, 1924; Ohsawa, 1938; Eggers, 1988). In ease 
the tumor later is found to be inoperable, no harm has been done and 
the patient in fact may be benefited if the esophagostomy and gas- 
trostomy are connected by a rubber tube so that food can be taken by 
mouth in a more or less normal manner (Levy, 1898; Zaaijer, 1930; and 
others). Torek, in discussing Eggers’ paper, pointed out that by this 
technique only a short segment of upper esophagus can be brought out. 
This might result in suppurative complications in a larger number of 
cases than would occur if a longer segment were tunnelled under the 
skin, as in the original technique. Carr (19389) is convinced that the 
esophagus cannot be divided low enough in the mediastinum to achieve 
the purpose safely. However, the method merits the fullest considera- 
tion and it should be recalled that a considerable number of successful 
cervical esophagostomies, with complete division of the tube and closure 
of the lower segment, have been carried out as a step in antethoracie 
esophagoplasty. Inasmuch as the pleura is not opened, it might be 
advisable to pack the upper mediastinum and bring the upper esophagus 
out of a more or less open cervical wound or under a bridge of skin, 
leaving the cervical wound packed open. Essentially the same technique 
was used several years ago in the resection and palliation of carcinomas 
of the cervical and upper thoracic esophagus (e.g., Kiittner, 1921). 
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Following a preliminary abdominal exploration and jejunostomy, 
Churchill (1939) removed a carcinoma situated immediately below the 
arch of the aorta through a right-sided thoracotomy wound. The upper 
stump of esophagus was sutured into a small, left, lower cervical incision 
made under guidance from within the thorax. Several weeks later, by 
laparotomy, the lower stump of the esophagus was freed from the 
mediastinum and brought out to the skin at the left of the xiphoid 
process. The skin about the opening has remained reactionless. Churehill 
believes the squamous epithelium of the esophagus is much more likely 
to unite kindly with the skin than the mucous membrane of the stomach 
or jejunum. Completion of the antethoracic esophagus is contemplated. 

When the left-sided approach is used, Garlock’s (1939) present tech- 
nique appears to be an improvement over Torek’s in that the entire 
thoracic procedure can be completed before the neck is opened. This 
lessens the likelihood of infection both in the thorax and in the cervical 
region. The tumor is removed and the proximal esophageal stump 
(which is ligatured, carbolized, and protected by a rubber sheath) is 
placed in the posterior superior mediastinum. The pleura above the 
aortic arch is sutured over it and the thorax is closed. Then the cervical 
approach is made with a clean operative setup, and the stump is ex- 
teriorized. 

Carcinoma of the Lower Esophagus.—Tumors which originate in the 
cardia of the stomach and ascend to involve the lower esophagus present 
essentially the same surgical problem as growths which begin in the 
lower esophagus itself. Operations on both types of lesion will be con- 
sidered together here. The carcinomas which arise in the esophageal 
mucosa are less likely to metastasize early to the regional abdominal 
lymph nodes and to the liver (Helsley, 1923) and should be more often 
curable by resection. However, no accurate information is available on 
this point because most of the resections have been carried out so recently 
that the final results are unknown. 

Previous to 1938, the only successful operations on carcinomas in this 
region were recorded by Voeleker (1908), Kiimmell (1910), Bircher 
(1918), Hedblom (1922), Gohrbandt (1927), Miyagi (1927), Ohsawa 
(eight cases, 1933), Ingebrigtsen (two cases, 1933, 1936), and Muir 
(1936). Torek (1927) states that Voelcker’s and Bircher’s patients 
were cured permanently. The resections of Voeleker, Kiimmell, Bircher, 
Gohrbandt, Miyagi, and Ingebrigtsen were accomplished through ab- 
dominal incisions without opening the pleura. Those of Hedblom and 
Muir were combined abdominal and thoracic resections in which the 
severed proximal esophageal stump was brought out through the thoracic 
wound, later connected with a gastrostomy tube so that feedings were 
taken by mouth. Hedblom performed a three-stage preliminary thoraco- 
plasty similar to that of Zaaijer (1913) for a tumor of the midesophagus. 
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In spite of the fact that Biondi (1895), Sauerbruch in his early work, 
and Janeway and Green (1910) had worked out an apparently satisfac- 
tory endothoracie esophageal-gastric anastomosis on dogs and cadavers, 
no successes in human cases were recorded until Ohsawa’s in 1933. 
Bengolea nearly succeeded in 1919, but his patient died of empyema on 
the thirty-seventh postoperative day. It is worthy of note that Bengolea 
was one of the first, perhaps the first, to employ Kenyon’s (1911) closed 
catheter drainage following a transpleural esophageal resection. Un- 
fortunately, it appears that he removed the tube prematurely and re- 
drained too late. Miller and Andrus (1923) resected the lower esopha- 
gus successfully in dogs in eleven out of eighteen attempts. They brought 
the fundus of the stomach into the thorax through a left transpleural 
incision and anastomosed the esophagus to the stomach, end-to-side. 
Among the animals that died, dilatation of the stomach occurred twice, 
diaphragmatic hernia once, and pleural infection three times. Heuer, 
Andrus, and Bell (1925), elaborating a method suggested by Mikuliez 
(1904), transplanted the left leaf of the diaphragm to a high level about 
the esophagus, allowing the resection of the lower portion and an 
anastomosis to the stomach to be carried out below the diaphragm. The 
method has not been applied successfully in man. Fischer (1926) sug- 
gested paralyzing the diaphragm and implanting the stump of the 
esophagus into the wall of the stomach by a flap method. He did not 
have an opportunity to perform this operation himself, but Starr in- 


dependently made use of an almost identical technique in 1922. Starr’s 
patient died of a pulmonary embolus on the fifth postoperative day, but 
the anastomosis was thus far sound. Decker (1935) performed the 
operation as suggested by Fischer, but lost the patient in twenty-eight 
hours due to edema of the right lung and atelectasis of the left; the lung 
had not been completely expanded at the time of closure and no trans- 
fusion was given. 


Ohsawa (1933) failed in five attempts to remove carcinomas in the 
midesophagus, but his results for tumors in the lower esophagus, cardia, 
and upper stomach are remarkable. During the seven years preceding 
1933, 803 cases of carcinoma of the stomach, without involvement of the 
eardiae portion, were operated upon (clinie of Prof. R. Torikata and 
Prof. K. Isobe, Kyoto Imperial University); during the same time, 101 
carcinomas of the esophagus, cardia, and upper stomach (involving the 
cardia) were explored. Forty-three resections were carried out in the 
group of 101; 5 for tumors of the midesophagus, with no recoveries; 18 
for tumors of the lower esophagus and cardia, with 8 recoveries; and 
20 for tumors of the stomach which involved the cardia, with 12 re- 
coveries. The latter 20 operations were total gastrectomies and in some 
of them as much as 5 em, of the esophagus were also removed. These 
operations were carried out by what Ohsawa designates as his semi- 
thoracotomic transabdominal technique or by the free thoracolaparotomie 
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technique. The group of 18 excisions were completed by esophago- 
gastrostomy by the semithoracotomic transabdominal technique.* 

At the spring meeting of the American Association for Thoracic 
Surgery, Atlanta, 1938, Adams and Phemister reported the first sue- 
cessful thoracic esophagogastrostomy for carcinoma performed outside 
of Japan. This was for squamous-cell carcinoma of the lower third of 
the esophagus. The resection followed careful preparation by experi- 
mental work on dogs and the authors had profited by experiences derived 
from a previous unsuccessful case. Ogilvie (1938), attempting a similar 


*Inasmuch as Ohsawa’s publication is not generally available, a rather detailed 
description of his approaches is outlined below. It should be emphasized that all of 
Ohsawa’s thoracic operations are done without differential pressure. He says this 
is easier and safer. Oxygen is always inhaled by the patient, but increased pressure 
is avoided; he believes positive pressure is detrimental both at operation and _ post- 
operatively, presumably because of retention of carbon dioxide. Many of the opera- 
tions are carried out with procaine anesthesia. In brief, he claims that in the hu- 
man being the loss of respiratory function on one side is sufficiently compensated 
for by overventilation, with added oxygen, on the other, and that return to a normal 
respiratory and circulatory status, throughout the body, is prompter after free 
thoracotomy than after thoracotomy under differential pressure. It should be re- 
ealled that many of the World War surgeons dispensed with positive pressure in 
their operations for thoracic injuries. Ricard and Ballivet (1938) did not use it in 
their unsuccessful Torek operation. 

Semithoracotomic Transabdominal Technique.—This is practically an abdominal 
substitute for free thoracotomy, and exposure makes use of Marwedel’s (1903) left 
costal release and of Lambert’s (1912) mobilization and retraction of the left lobe 
of the liver. In addition, the hiatus is freed and the diaphragm may be split. The 
U-shaped skin incision raises a musculocutaneous flap which bares the left upper 
abdominal muscles and left lower ribs anteriorly. About 3 cm. of the seventh, 
eighth, and ninth ribs or their cartilages are resected, 8 to 10 em. from the mid- 
line; the ninth intercostal space is incised for a length of 5 cm. and the costosternal 
attachment of the seventh rib is divided; thus, the left costal arch is destroyed and 
is retracted upward. If the pleura is injured during this maneuver, no attention 
is paid to it. The triangular ligament is incised and the left lobe of the liver is 
retracted toward the right. The peritoneum covering the esophageal hiatus is cut 
through circularly, the esophagus exposed, and the conditions of this segment of 
the gullet are inspected. ‘By this method, we have been able to expose about 10 
centimeters of the lower part of the esophagus in most of our cases. ... Depending 
upon the conditions of the tumor and the presence of adhesions, however, this form of 
operation may be insufficient and it may become necessary to open the thorax... . 
We believe that in those cases of diseases of the lower portion of the oesophagus and 
cardia which require thoracotomy, free transdiaphragmatic thoracolaparotomy is the 
method of choice. For somewhat more complicated cases, free thoracolaparotomy or 
laparothoracotomy is the most acceptable technic in our opinion.” 

O'Shaughnessy and Raven (1934) comment on Ohsawa’s semithoracotomic trans- 
abdominal technique as follows: ‘On the cadaver, we have found that his method of 
opening the chest from the abdomen when following the oesophagus up towards the 
lung root is open to some objections: an incision in the diaphragm stretching from the 
esophageal hiatus to the costal border is liable to wound the pericardium, and the 
closure of this incision offers great technical difficulty. At the same time this method 
does permit of a preliminary exploration from the abdomen, and although we per- 
sonally should prefer to begin with the left transpleural approach and then, if access 
to the cardiac end of the stomach was desired, divide the diaphragm from above 
(with the pericardium intact), the results obtained by Ohsawa are so remarkable that 
it seems impossible to dismiss his suggestion lightly.” This criticism is not entirely 
justified because Ohsawa makes it clear that he also prefers the thoracolaparotomic 
technique for the tumors which extend much above the hiatus. 

Free Thoracolaparotomic Technique.—Ohsawa continues: ‘In case the laparotomy 
is to be done first, either a midline or left pararectal incision is made from the 
seventh costal cartilage to somewhat above the navel; the peritoneal cavity is opened 
and the conditions of the viscera examined; and then the skin incision is extended 
upward and laterally along the chest wall so that it forms an are with the left eighth 
rib as its chord, the posterior superior limit of the incision corresponding to the height 
of the inferior angle of the left scapula. Then segments approximately 1.5 centimeters 
long of the seventh and eighth ribs are resected. (At times only the eighth rib is 
resected, and occasionally no rib resection is necessary.) The pleura is incised in the 
seventh intercostal space, and the intrathoracic conditions are reviewed. Next the 
costal arch in the seventh intercostal space is cut through. The diaphragm is now 
divided from this point to the esophageal hiatus, thus converting the abdominal and 
thoracic cavities into a single field of operation. After the necessary operative maneuv- 
ers are performed, the thorax is closed, using silk thread for suturing the divided 
costal arch. In case the thorax is opened first, the steps in the operation are merely 
reversed.” 

At the close of his operations, Ohsawa aspirates the air from the pleural cavity. 
He does not use closed catheter drainage, apparently, but aspirates and drains later 
as indicated. He notes that residual pneumothorax after thoracotomy favors in- 


fection. 
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procedure, lost a patient from atelectasis and pneumonia of the left 
lobes six days after resection of a carcinoma of the gastric fundus which 
had extended into the lower esophagus. Marshall (1938) successfully 
resected a similar tumor. By correspondence, I have learned of four 
other suecessful cases (Marshall, 1939; Ochsner and DeBakey, 1939; 
Carter, 1939; Cattell, 1939). 

Cattell’s operation was done in two stages. At the first, by the ab- 
dominal route under nuperecaine spinal anesthesia, all of the blood 
supply of the stomach was divided except the right gastric and gastro- 
epiploic arteries. The lower end of the esophagus was freed and the 
entire upper portion of the stomach and the lesion at the level of the 
diaphragm were displaced into the mediastinum. Fifteen days later, by 
a transpleural approach, the lower 4 or 5 inches of the esophagus were 
resected together with the upper portion of the stomach. <A de Petz 
clamp was placed across the stomach, saving a large portion of the 
greater curvature which was brought up as a 5-ineh tubular structure to 
join the esophagus. In order to avoid contamination, a braided silk 
ligature was placed around the esophagus and the stump was drawn into. 
the stomach by traction through a counter incision lower down. It was 
later necessary to drain an encapsulated empyema. The pathologic 
examination showed adenocarcinoma without involvement of the lym- 
phatic nodes. The patient required a few dilatations of the anastomosis 
but was in good condition five months after operation. 


Ohsawa (1933) objected to implantation of the esophagus into the 
stomach by the Kader technique because ‘‘ postoperative stenosis is un- 


” 


avoidable. Nevertheless, he admits that the method is superior in 
regard to healing. Because of the relative safety of the method, which 
can be made aseptic, it probably is to be preferred over methods of direct 
suturing, such as that of Adams and Phemister (1938). No matter what 
method of anastomosis is used, the gastric stump should be closed and 
the union should be made through a fresh opening made in the anterior 
wall of the fundus or greater curvature tube. Ohsawa makes use of 
pedicled omentum to surround the anastomosis. 

Although the later results are not known, transthoracic resection and 
esophagogastrostomy seems within a short time finally to have become 
established as a satisfactory operation for carcinoma in the region of 
the cardia and in the lower 10 em. of the esophagus. For small growths 
limited to the region of the cardia, the abdominal approach as used by 
the earlier operators is suitable, but for more extensive resection the 
thoracic route appears to have demonstrated its superiority. 

As a preliminary to resections for carcinoma in the upper and middle 
thirds of the esophagus, gastrostomy or jejunostomy should always be 
done; but, if the patient’s general nutrition is satisfactory, some 
surgeons have omitted this step when a direct esophagogastrostomy 
is contemplated (e.g., Ohsawa, 1933; Marshall, 1938). If extra feedings 
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are desirable, jejunostomy is preferable because it interferes less with the 
mobility of the stomach when the organ is displaced into the thorax at the 
time of resection (Fischer, 1926). However, some surgeons, recalling 
difficulties in feeding by jejunostomy, will prefer a gastrostomy in the 
pyloric antrum whenever the stomach is of a fairly good size. 

As pointed out for many years, the upper abdominal lymphatic nodes 
and the liver should be examined for metastases at the time the gas- 
trostomy or jejunostomy is made (Kiittner, 1908; Meyer, 1915; Unger, 
1913, 1915; Eggers, 1925; Turner, 1934; Lotheissen, 1924; Edwards, 
1936). 

Cattell (1939) and Marshall (1939) both emphasize that it is very im- 
portant to crush the left phrenic nerve. In Marshall’s one unsuccessful 
case in three the nerve was procainized. The patient died rather sud- 
denly on the seventh postoperative day; apparently the reactivated 
diaphragm pulled the stomach away from the esophagus. Ogilvie (1988) 
considered that the atelectasis and pneumonia which caused the death 
of his patient were brought about by inactivity of the diaphragm. How- 
ever, a quiet diaphragm is desirable during the time of healing of the 
anastomosis, and complete expansion of the lung at the time of closure, 
together with catheter drainage under negative pressure postoperatively, 
should usually prevent collapse of the lobes. A paralyzed diaphragm 
may also be desirable subsequently in order to prevent constriction of 
the stomach and consequent gaseous distention of the intrathoracic por- 
tion. Following esophagogastrostomy (i.e., after bilateral division of the 
vagus nerves), x-ray studies by Ohsawa (1933) showed, in six of eight 
cases, dilatation of the pylorie portion of the stomach with delayed pas- 
sage, but the gastric peristalsis was not much affected (see also Lotheis- 
sen, 1924). 

Resection of the left eighth rib usually gives ample exposure for 
removal of the lower esophagus and a portion of the stomach. The left 
phrenic nerve is crushed. The diaphragm is split radially from the 
thoracic wall to the esophagus, thus bringing to view the upper ab- 
dominal organs. The tumor and a suitable portion of normal esophagus 
and stomach are freed of their attachments and the mass including lymph 
nodes is removed by a technique similar to that already described in Cat- 
tell’s case. The muscular esophageal wall can readily be sewed to the 
seromuscular covering of the stomach by a series of infolding interrupted 
Lembert and mattress sutures, as in a Stamm or Kader gastrostomy. 
The tie on the end of the esophagus is retained to slough off, and the 
counter-opening in the stomach is closed. The flaccid diaphragm is 
sutured to the stomach all around, and catheter drainage of the pleural 
cavity is provided. The thorax is closed tightly with lungs expanded 
or the residual air is aspirated immediately. 

The blood supply of the stomach is so good that no fear of inadequate 
nutrition to the site of anastomosis should be felt (Adams, Escudero, 
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Aronsohn, and Shaw, 1938), provided the right gastrie and right gastro- 
epiploic arteries are intact. It is necessary and desirable to sever the 
coronary artery. The esophagus, on the other hand, has a rather poor 
collateral blood supply through its walls (Saint, 1929; Ohsawa, 1933) 
and it should be freed as little as possible above the site of ligature (only 
from 3 to 4 em.). 

Precautions in Esophagectomy.—The importance of careful prepara- 
tion is emphasized by all surgeons who have had experience with esopha- 
gectomy (e.g., Abel, 1926; Eggers, 1981; King, 1936, 1937; Garlock, 
1938). This preparation includes scaling or extracting teeth, adminis- 
tration of a high calorie diet with vitamins by gastrostomy or jeju- 
nostomy and by mouth if tolerated, daily lavage of the esophagus if 
there is retention or ulceration, and one or more blood transfusions. 
Preliminary pneumothorax is not essential, but was given by Sellors 
(1932), Edwards (1986), King (1936, 1937), Radford (1937), Brunn 
and Stephens (1937), and Ricard and Ballivet (1988). Ohsawa (1933) 
injects ‘‘koktigen’’ (a colon bacillus, or a combined streptococcus and 
staphylococcus vaccine) intrapleurally as a preoperative stimulant to 
phagocytosis. Sellors (1932) begins cleaning the skin several days 
before operation. King (1936, 1937) aims to diminish the severity of the 
esophagectomy by removing small segments of the fourth to seventh ribs 
and dividing the intercostal bundles several days before the main opera- 
tion. Eggers (1931) illustrates in a drawing the correct position of the 
patient on the table. Mechanical supports against the manubrium, 
symphysis pubis, and sacrum are a help. 

Almost all writers who use positive pressure anesthesia agree that 
expert administration is essential (e.g., Meyer, 1929). Brunn and 
Stephens (1937) believe that intratracheal anesthesia is superior to the 
use of an ordinary gas mask. Eggers (1925) and Garlock (1938) em- 
phasize the importance of intermittent inflation of the lungs during 
operation. This improves the condition of the patient and helps pre- 
vent postoperative pneumonia. Radford (1937), using King’s technique, 
kept the exposed pleural surfaces packed with a 1:1,000 flavine solution. 
Lotheissen (1924) recommended washing out the mediastinum and 
cervical wound with an antiseptic, such as boroform or chloramin, fol- 
lowed by novoiodine. 

Atropine should be given routinely in order to guard against over- 
stimulation in vagotonie patients. The greatest care should be taken to 
avoid tugging on the vagi, but, when necessary, they may be cut cleanly 
at any level below the exit of the cardiae branches. Most of the recent 
operations for carcinoma of the thoracic esophagus have been earried 
out without procainizing the vagi; however, this may be done with ad- 
rantage in patients who show respiratory or cardiac effects when the 
esophagus is being freed. (For discussions of this interesting subject 
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see Heller, 1913; Eppinger and Hess, 1917; Lotheissen, 1924; Torek, 
1927, 1929; Zeller and Burget, 1937). 

Ohsawa (1933) noted that pressure against the pericardium over the 
auricles is far more detrimental than corresponding pressure on the 
ventricles. Handling of the aorta should be avoided so far as is possible. 

No injuries to the thoracic duct during esophagectomy thus far have 
been recorded. Because of numerous anastomoses with other lymphatic 
ducts and with veins (Lee, 1922; Blalock, Robinson, Cunningham, and 
Gray, 1937), ligation of the main channel, though obviously undesirable, 
usually does not lead to serious consequences. Division of the main duct 
without ligaturing it no doubt would be disastrous. 

One or more transfusions and 40 to 50 per cent oxygen by nasal tube 
should always be given postoperatively. A tent interferes with other 
necessary care. Sulfanilamide might be given prophylactically, but it 
may interfere with healing (Bricker and Graham, 1939). King (1936) 
noted that his patient gained weight after saliva was added to his food, 
but Wilder and Stokes (1931, 1932), on the basis of experimental and 
clinical observations, concluded that proper dietary management is more 
important than the presence or absence of saliva. 

Follow-Up.—tLate reports on patients who have survived esopha- 
gectomies are very incomplete, but Eggers (1933) noted recurrence in 
both of his patients. Turner (1934) reported the death of his patient, 
nineteen months after an abdominocervical resection, from chronic 
nephritis and cardiovascular complications; there was no evident re- 
currence. Of Garlock’s first three patients, one died twenty-two months 
after operation with a mass in the superior mediastinum; the second 
is alive and well going on three years; the third died of coronary 
thrombosis four and one-half months after resection. A complete 
autopsy failed to disclose any remaining carcinoma (1939). 


OTHER MALIGNANT TUMORS OF THE ESOPHAGUS 


Jackson (1925) reported that among 671 cases of malignancy of the 
esophagus, 337 were squamous cell and atypical epitheliomas, and 316 
adenocarcinomas, the latter mostly at or near the cardia. Sarcomas were 
found in only four eases. 

Dvorak (1931) noted that less than fifty cases of sarcoma of the 
esophagus had been recorded. Metastases are most likely to occur in the 
diffuse infiltrating type of round-cell sarcoma, but are predominantly 
absent in the circumscribed polypoid spindle cell-sareoma. Dvorak’s 
patient died of suffocation; a rhabdomyosarcoma, 4 to 5 em. in diameter 
was found about 5 em. below the pharynx. The trachea was not involved 
and there were no metastases. ‘‘The lesion appeared operable.’’ 

Searff (1929) found that only seven instances of carcinosarcoma of 
the esophagus had been recorded previously. He added one in a patient 
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who died of perforation of the aorta, four months after intensive radium 
therapy. The erosion may have been due either to radium necrosis or 
decubitus from the lower end of a Souttar’s tube. In two cases the 
tumors were pedunculated, and in five, including Searff’s, there were no 
metastases. 

Primary leiomyosarcomas of the esophagus were recorded in a Cabot 
case (1935) and by Menne and Birge (1937). In the Cabot case 
regurgitation of mucus had been present for ten years, suggesting that 
the tumor had grown as a benign lesion before becoming malignant. 

Jaleski (1935) performed autopsy on a case of primary melanotic 
sarcoma of the esophagus, examples of which he had found recorded only 
three times before. In none of the cases did the tumor obstruct the 
cvullet. 

None of the few resections (all cervical) which have been performed 
for esophageal sarcomas have been curative (von Hacker and Lotheissen, 
1926). Radiation is equally ineffective. 

A post-mortem specimen showing lymphosarcoma of the lungs and 
mediastinal lymph nodes which invaded the esophageal wall and p. » 
forated it, producing a fistula, is illustrated by Graham, Singer, and 
Ballon (1935). 


FOREIGN BODIES, INFECTIONS AND THEIR COMPLICATIONS 


Perforations From Within by Foreign Bodies and Instruments.—For- 
eign bodies in the esophagus are of surgical interest chiefly because of 
the complications which may arise if they are not soon removed. A few 
bizarre cases may be mentioned. Guthrie (1920) related the story of an 
infant, aged 9 months, in whom at autopsy the head of a large bone 
collar stud was found to have ulcerated through the posterior wall of 
the esophagus so that it projected into an abscess, the size of a walnut, 
which occupied the body of the third dorsal vertebra. Only a thin 
lamina of bone separated the abscess cavity from the spinal canal and at 
this point there was localized inflammation of the meninges. Van Gilse 
(1924) noted the remarkable course of a child, aged 2 years, in whom 
the back plate of a garter button eroded from the esophagus into the 
trachea, resulting in a valvelike perforation through which air passed 
forcibly, inflating the entire intestinal tract. The child expelled much 
flatus but belehed not at all. On removal of the foreign body, the 
fistula closed rapidly, with recovery. A male, aged 43 years, who had 
swallowed a piece of duck bone five days before, died of profuse hema- 
temesis. The bone was found spanning the lower esophagus just above 
the cardia; one of the sharp ends had eroded an artery in the esophageal 
wall (Saltzstein, 1982). McClure (1934) recorded the case of a boy, 
aged 20 years, in whom, after swallowing a sliver of chicken bone, x-rays 
and esophagoscopy were negative and all symptoms disappeared. How- 
ever, the patient died of perforation of the aorta one month later. 
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Neglected foreign bodies most often perforate into the cellular tissues 
of the neck or mediastinum, with ensuing cellulitis or abscess. Sudden 
and extensive outflow of esophageal contents is usually the result of ill- 
advised, often blind, instrumentation, during which a sharp portion of 
the foreign body or the instrument itself plunges through the wall of the 
esophagus. The same thing may happen during the dilatation of a 
benign (e.g., Imperatori, 1933) or malignant stricture, or rarely during 
the investigation of a diverticulum. 

The prevention of perforations by foreign bodies and instruments has 
been emphasized repeatedly for many years (e.g., Jackson, in his 
numerous publications; Schlemmer, 1919; Imperatori, 1983). The cam- 
paign has been successful to a degree, but there remain quite a large 
number of cases of potential or actual perforation which tax the clinical 
judgment and skill of the endoscopist and surgeon.* Most foreign 
bodies, even large dentures (after fragmentation), can be removed safely 
by an expert esophagoscopist if the attempt is made within one to three 
days after ingestion (Schlemmer, 1919); but, if an expert, equipped 
with proper instruments, is not available, esophagotomy without pre- 
liminary instrumentation of any kind should be resorted to without delay 
(Kiimmell, 1922; Truesdale, 1924). Nehrkorn (1930) used a posterior 
mediastinal extrapleural approach to remove a double-edged safety razor 
blade at the level of the fourth thoracic vertebra. A tube was passed 
from nose to stomach, the esophagus was sewed in one layer, and the 
wound was packed with gauze and rubber drains. A fistula appeared 
and closed at the end of six weeks, but the wound filled completely only 
after five months. Nehrkorn believed this to be the only successful case 
ot the kind since Enderlen’s operation in 1901, but in discussion Kudlek 
reported the removal by external esophagotomy of a denture which had 
been impacted at the level of the third and fourth thoracic vertebra for 
sixteen weeks. In this case. there ‘was no fistula. Kudlek remarked 
that, even though successful, he doubted the advisability of his operation 
and would recommend morcellation and removal through an esophago- 
scope in another case. Stegemann, in discussion, said that the razor 
blade could have been removed safely through a distensible esophago- 
scope passed downward from a cervical esophagotomy or upward from 
the stomach. Anschiitz (1922) and Perslow (1935) advised the retro- 
grade removal by gastrostomy of large foreign bodies impacted below 
the sixth or seventh dorsal vertebra if they had been present for some 
time. 

Even after esophagoscopic removal of a foreign body, it is often diffi- 
cult for an endoscopist to decide whether or not the esophageal wall has 
been perforated (e.g., see cases of King, 1929). The clinical evidence 


*The following instruments have been introduced lately to make easier and safer 
the removal of foreign bodies from the esophagus: Tucker (1934), a 5 mm. full lumen 
scope for infants; Broyles (1937), an improved tube for the extraction of open safety 
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may not be conclusive and in many cases of small perforations it is cer- 
tain that the patients have gone on to complete recovery with no other 
treatment than tube feeding for a few days. Even with the clinical and 
x-ray evidence of cervical and mediastinal emphysema, instances of un- 
complicated recovery without operation are not uncommon (e.g., Me- 
Gibbon and Mather, 1935; Barth, 1938), but in these eases there has been 
little or no indication of sepsis. The decision for immediate, wide, 
internal or external drainage may be said to be indicated: (1) when 
there has been a definite, sudden perforation of the wall of the esophagus 
by either a foreign body or an instrument; (2) when, following instru- 
mentation, with or without the removal of a foreign body, there is evi- 
dence of continued or increasing local or generalized sepsis (see Klestadt, 
1928), i.e., rise in pulse rate, temperature and leucocytosis, increasing 
lower cervical tenderness, or increase in radiopacity or emphysema by 
x-ray; (3) when a frankly localized abscess becomes evident. 

In ease of fresh, gross perforation in the cervical region, there is agree- 
ment that drainage should be carried out promptly, packing the wound 
open with gauze, as did Marschik and Vogel (1909) in their cases. By 
this technique the descent of infection through the areolar visceral and 
prevertebral spaces to the posterior mediastinum is usually prevented. 
Pearse (1933) emphasized that the packing should be placed low around 
the cervical and upper thoracic esophagus before the region of the per- 
foration is entered higher up. If infection has already spread down- 
ward into the upper mediastinum, adequate drainage, carried down 
usually on the right along the path of infection, will often bring recovery 
(Furstenberg, 1929; Phillips, 1988). Patients should be fed by nasal 
tube or gastrostomy until all danger of further spreading of the infection 
is past. Some authors recommend the Trendelenburg position. Phillips 
irrigated his wounds with dilute solution of chlorinated soda, but the 
proximity of large vessels and the distinct possibility of hemorrhage 
from them makes this seem inadvisable. For the same reason, rubber 
tubes should not be employed. 

Posterior mediastinotomy has been uniformly ineffective in the treat- 
ment of fresh, gross perforations of the thoracic esophagus. In 1928, 
Seiffert, confronted at esophagoscopy with a case of recent instrumental 
rupture in the posterior wall at the level of the clavicles, split the esopha- 
gus for about 15 em. to the lowest extent of the dirty secretion in the 
mediastinum. <A nasal tube for feeding was guided into the stomach 
under direct vision, the scope was removed, and the patient was placed 
upright in bed, since he was most comfortable that way. He was much 
better in two days, and the emphysema disappeared. The tube was re- 
moved on the eighth day and the patient was discharged home on the 
twentieth day. Seiffert observed that the wound granulated cleanly and 
was later replaced by a narrow linear scar which was more or less fixed 
to the spine. There was no stricture. Several authors have since :ecom- 
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mended Seiffert’s method (Kramer, 1929; Vogel, 1932, 1937; Nissen, 
1934; Barth, 1938). Vogel saved four patients by this means, one fol- 
lowing the excision of a pharyngeal diverticulum and three after per- 
forations by foreign bodies. Meyerson (1928) reported recovery in a 
patient with emphysema and a high temperature when pus evacuated 
itself into the lumen after removal of a bone from the thoracic esophagus. 
In another case gastrostomy was effective following perforation by an 
esophagoscope in a male, aged 65 years, with carcinoma, in spite of 
emphysema and a fever of 103°. Meyersburg (1930) records the re- 
covery of a man, aged 60 years, who two days before had swallowed a 
piece of glass, by the insertion of an esophagoscope through a lacerated 
area at the level of the clavicles, releasing foul, creamy pus under pres- 
sure. The patient was also drained externally by the cervical route and 
nursed in Trendelenburg’s position with a Rehfuss tube in the stomach. 
Alpin (1931) removed a goose bone which had been lodged six days 
through a distensible esophagoscope. Pus was seen to exude from a peri- 
esophageal abscess. The following day a large amount of streptococcus 
pus was evacuated by bilateral cervical drainage; recovery followed. 
Wright (1934) opened a swelling which appeared in the lower left 
cervical region three days after the removal of a splinter of mutton 
bone from the left anterior wall of the esophagus, 1 inch below the 
cricoid bone. This, with gastrostomy, cured the woman, aged 53 years, 
of an abscess which extended as low as the fifth thoracic vertebra. In 
another patient, aged 38 years, seen seven days after the onset of symp- 
toms, pus was found exuding from an opening in the anterior wall of 
the esophagus, 3 inches below the ericoid. A poor prognosis was given 
but the man went home, essentially well, six days later. Churchill 
(1935) reported successful drainage of a mediastinal abscess by the pos- 
terior extrapleural route. The right third to fifth ribs were resected 
from the shortened transverse processes to the angles, the pleura was 
retracted, the mediastinum aspirated and opened just above the azygos 
vein. Immediately following Phillips’ (1938) posterior mediastinotomy, 
a chylous fistula appeared, but it closed promptly. Other interesting 
cases were recorded by Moersch and Kennedy (1933). 

In King’s case (1929), a boy, aged 6 years, who became very ill im- 
mediately after the attempted blind dilatation of a stricture, recovered 
after a gastrostomy and the drainage of an empyema. 

Perforations From Without by Bullets and Knives—During the 
World War, Madelung (1915) made the significant observation that the 
men who received extensive shell wounds of the cervical esophagus were 
more likely to recover than those who were shot by rifles. The large 
wounds drained freely from the start; whereas, with rifle wounds, the 
highly infectious esophageal contents spread through the areolar tissues 
into the mediastinum before release of pressure was afforded by the de- 
layed operations then practiced. Some of the men did not complain of 
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dysphagia and were not operated upon, under the erroneous impression 
that the esophagus had not been injured, but they died later of fulminat- 
ing mediastinitis. This state of affairs led Berger (1915) to recommend 
that all gunshot and stab wounds of the neck, like all wounds of the 
abdomen, be explored immediately. Madelung and Berger both advised 
wide open drainage, the withholding of food and drink, and the preven- 
tion, so far as possible, of motions of swallowing. A tube should be 
passed into the stomach or gastrostomy done. Zeller (1916) added that 
it is important to prevent the aspiration of blood and mucus into the 
lungs; tracheotomy is often beneficial. No better advice has been found 
in more recent literature. Scott (1928) had an interesting experience in 
a case of extensive cut throat, in which the trachea and esophagus were 
severed completely. The esophageal stump was pulled out of the upper 
mediastinum, yet no mediastinitis occurred. The esophagus was sutured 
and held in spite of the fact that the patient insisted on drinking im- 
mediately afterward; dilatations were later necessary. The patient 
pulled the tracheotomy and gastrostomy tubes out on the sixth postopera- 
tive day. Both recurrent laryngeal nerves must have been severed, but 
the voice later became almost normal. Scott suggested the possibility 
that deliberate division of the trachea might provide a satisfactory wide 
exposure of the cervical esophagus when indicated, for example, for 
the removal of a tumor. 

**Spontaneous’’ Perforation or Rupture of the Esophagus.—Walker 
(1914) and Popper (1933) described cases in which severe epigastric 
pain and spasm led to useless exploration of the abdomen; the patients 
were found to have tension pneumothorax and died shortly in spite of 
drainage of the pleura. These victims, and about forty others reported 
in the literature (see Wallach, 1923; Smead, 1931; Gott, 1933; Ridgway 
and Dunean, 1937), were shown at autopsy to have ruptured the esopha- 
gus immediately above the diaphragm. A fresh tear with little or no 
evidence of previous local disease has been the usual finding, although 
in Kyle’s case (1935) there was a recent inflammatory reaction with 
polymorphonuclear leucocytes, monocytes, some necrosis, and numerous 
bacteria, principally streptococci, between the muscle fibers. Most of 
the patients, a few of whom were convalescents from laparotomy, had 
had violent attacks of vomiting immediately preceding the onset of 
acute symptoms, leading to the assumption that the ruptures occurred as 
the result of sudden increase in the intraesophageal pressure. The 
patient of Menne and Moore (1921) was only 5 months old. Smead re- 
marked that thoracic pain, dyspnea, cyanosis, emphysema of the neck, 
and altered physical signs in the chest, following vomiting, should sug- 
gest rupture of the esophagus. 


Esophagitis, Ulcer, and Stricture ——Mosher (1930, 1931, 1933, 1935) 
has frequently seen evidence of diffuse inflammation in the walls of the 
esophagus in patients of all ages, including the newborn. It is his belief 
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that this may arise by direct infection through the mucosa or from a 
more or less distant focus by the blood stream, by the lymphatics, or by 
continuity. In the newborn the organisms must have been transmitted 
from the mother. Hemorrhage into the walls of the esophagus has been 
observed in these infants. Ninety per cent of Jackson’s (1929) patients 
with ulceration of the esophagus showed some focus of infection; 
whereas, only 15 per cent in a control series of patients without ulcera- 
tion showed foci. Lerche (1923) cited two cases of uleer in which the 
onset was preceded by suppuration elsewhere. Kelly (1986) reported 
cases of progressive narrowing and shortening of the esophagus with 
hiatal hernia and suggested that ‘‘inflammatory changes have been 
ascending from the lower end of the gullet and have produced a fibrosis 
and shrivelling of the walls whereby a reduction in the length and lumen 
of the affected region has taken place.’’ This condition should be dis- 
tinguished from the congenitally short esophagus. Gutmann, Moulonguet, 
and Arnous (1937) and Soulas (1937) ascribed atonic megaesophagus, 
various irregularities in the walls, and some of the strictures to the effects 
of primary esophagitis. Roberts (1915) reported two eases of stricture 
of the esophagus following typhoid fever. Zohman (1933) told of a boy, 
aged 16 years, a diabetic admitted with acidosis and dehydration, who 
showed at autopsy a small, sharply-stepped, acute ulcer immediately 
above the cardia which had perforated into the mediastinum. 

Cushing (1932), Light, Bishop, and Kendall (1932), and Watts and 
Fulton (1935) demonstrated that many of the mucosal erosions which 
occur in the upper gastrointestinal tract may arise in response to central 
stimuli mediated through the vagus nerves. Masten and Bunts (1934) 
noted multiple erosions of the stomach and perforation of the esophagus 
in a man, aged 28 years, who was being treated for acute encephalitis 
with marked disturbance of the vegetative nervous system. Fatal hemor- 
rhage from an acutely ulcerated esophagus in a patient with a cerebellar 
tumor was reported by Craig and Lipscomb (1936). 

Many authors consider that ulceration is most common in the lower 
portion of the esophagus because of the presence of islands of mucous 
membrane which secrete acid. Ireland (1933), however, is of the opinion 
that these glands, which appear in the upper third of the esophagus 
in even greater number than in the uleer-bearing lower portion (Boer- 
ner-Patzelt, 1922; Heine, 1930), probably represent normal esophageal 
tissue and probably do not secrete acid. Friedenwald, Feldman, and 
Zinn (1928, 1929) were able to maintain ulceration in the dog’s esopha- 
gus only by a combination of injury and the frequent feeding of hydro- 
chlorie acid. It is their feeling, concurred in by Vanzant (1938), that 
persistent ulceration in the human being occurs only when the eardia 
remains patent so that regurgitated acid gastric secretion may continue 
its corrosive effect. Vinson (1921) observed six eases of stricture of the 
esophagus following the vomiting of pregnancy, 
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That external blows may produce lesions of a hemorrhagic and in- 
flammatory nature is evident from the four cases of Vinson (1936), and 
one of Schmitt (19388). 

Kusterman, Moerseh, and Camp (1930) and Moore (1930) stated that 
in their experience ulcerations of the esophagus are almost always 
superficial. The literature, nevertheless, is full of descriptions of lesions 
which range from microscopic destruction of the ganglion cells and fibers 
of Auerbach’s plexus in achalasia to the most indurated, obstructing, 
perforating, and bleeding ulcers. Among Butt and Vinson’s 213 cases 
of esophagitis (1936), demonstrated in a series of 3,032 autopsies, 76.5 
per cent were of the acute ulcerative variety, 14.5 per cent were sub- 
acute, and 6.5 per cent were chronic. Seventy-four and six-tenths per 
cent of the cases occurred following operations and in 20.6 per cent 
vomiting had been frequent or continuous. Hematemesis has been 
found not infrequent in bedridden patients, especially following opera- 
tions (Glynn, 1917; Pringle and Teacher, 1919; Lyall, 1935; Bartels, 
1935; Polson, 1986). Lyall suggested treatment by frequent small doses 
of alkali, gum arabic, and olive oil or liquid paraffin by mouth. Brown 
and Kellert (1933) reported two fatal cases of bleeding from esophageal 
uleers in newborn infants. 

McClure (1934) recorded a case of uncomplicated esophageal ulcer 
which was undiagnosed in the hands of many physicians for ten years; 
during this time an omentopexy had been done for the relief of bleeding, 
under the impression that the patient suffered from cirrhosis of the liver. 
Similar difficulties in diagnosis were emphasized by Levine (1929), Pesek 
(1934), and Hurst (1934). In one of Hurst’s patients the gall bladder 
had been explored and the appendix removed without relief; another 
‘*had been called hysterical and was in a deplorable state.’’ The symp- 
toms often mimie those of peptic ulcer of the stomach or duodenum and 
a quite large percentage of the patients actually have both a duodenal 
or gastric and an esophageal ulcer (e.g., Pesek, 1934; Winkelstein, 1935; 
Lyall, 1937). It seems not improbable that the etiologic factors are 
identical and it has been suggested that the heartburn in peptic ulcer 
is in fact due to peptic esophagitis (but see footnote on page 623). Jack- 
son (1935) emphasized that in every patient with unyielding gastric 
symptoms esophagoscopy is indicated, 

An extraordinarily large proportion of esophageal ulcers are com- 
plicated eventually by hemorrhage, perforation, or stricture. Of 
seventy-two patients (Roessler, 1935), thirteen died suddenly of hemor- 
rhage, fourteen of perforation. In Christopherson’s case (1917) the 
ulcer perforated the descending aorta. One of Miller’s patients (1917), 
who had suffered from dyspepsia for six years, became exsanguinated in 
forty-eight hours. Truesdale (1939) reported an autopsy on a young 
girl who, in spite of repeated transfusions, died of hemorrhage from 
‘‘multiple minute ulcers at the lower end of the esophagus.’’ A woman, 
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aged 62 years, under the care of Sunde (1937), bled severely from a 
moderately indurated ulcer, but improved under medical management. 
A patient of Stewart and Hartfall (1929) had complained of pain high 
in the epigastrium for five months and of recurrent hematemesis for 
2 weeks. Death was due to perforation of an ulcer on the posterior 
wall just above the cardia into the right pleural sac. On the anterior 
wall directly opposite the perforation was the sear of a large healed 
ulcer. 

The serious complications which may arise in patients with esophageal 
ulcer appear to demand new efforts toward early diagnosis and effective 
treatment. The removal of foci of infection, the control of acidity by 
medical means, the administration of atropine or papaverine to control 
spasm, the topical application of silver nitrate, dilatations, and rest of 
the part by an inlying tube or gastrostomy are accepted as the best 
measures for treatment of uncomplicated, bleeding, or stenosing ulcers 
(e.g., Sheehan, 1920; Anschiitz, 1922; Aurelius, 1931; Nissen, 1934; 
Roessler, 1935; Decker, 1936; Vanzant, 1938). It may be necessary to 
carry out treatment for several years in order to bring about a remission 
or cure. However, Fleischner (1927) noted prompt symptomatic and 
roentgenographie improvement following gastrostomy in his case. Bar- 
clay (1915) relieved his patient by the ionization of zine at the site of 
the uleer. In the strictured cases with little activity of the ulcer dilata- 
tions are very effective (e.g. Lerche, 1923; Benedict and Daland, 1938). 

A few cases of esophageal ulcer, for the most part those of long stand- 
ing which have resisted dilatation, have been treated more radically by 
operation. In a patient with a callous, stenosing ulcer of the lowermost 
portion of the esophagus, Pesek (1934) mobilized the cardia, made a 
longitudinal incision through the narrow region, and sutured it trans- 
versely over an inlying tube. The patient died one month later. Zaaijer 
(1932) recorded two successful ‘* Finney pyloroplasty’’ operations for 
benign strictures of the lowermost portion of the esophagus. He mobi- 
lized the esophagus, sutured the fundus of the stomach to it over a broad 
area, then from within the stomach incised the spur thus formed, pro- 
viding a wide new opening (see discussion of other operations of this 
kind under the section on Achalasia of the Cardia). Roessler (1935), 
in a report from Sauerbruch’s clinic, described one fatal and one suc- 
cessful transthoracic esophagogastrostomy carried out with the purpose 
of shunting food past an ulcer. In the fatal case death occurred from 
empyema complicated by cerebral abscess. In the successful attempt the 
patient was free from symptoms six months after operation. Sauerbruch 
(see Roessler, or Krauss, 1933) went a step further in another patient 
whose symptoms persisted following a jejunostomy and an esophago- 
gastrostomy which failed to function. Returning to the lesion by way 
of the thorax, he invaginated the whole mass into the stomach with the 
expectation that it would slough off. This failed to occur and finally it 
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was necessary to resect the mass by the abdominal route and anastomose 
the esophagus to the remaining portion of the stomach. Recovery was 
complete, but the patient died eighteen months later of strangulation of 
the small intestine. Autopsy showed a large lumen at the site of 
anastomosis without stricture or ulcer. Roessler warned that, if opera- 
tion is to be done in these resistant cases, it should be carried out before 
the patient has suffered too much inanition and before the wall of the 
esophagus has lost its tone. Nissen (19387) successfully resected a bleed- 
ing ulcer in a male, aged 28 years. Roentgenography showed a large 
niche in the region of the cardia and at laparotomy a mass was felt which 
was partly below and partly above the diaphragm. <A jejunostomy was 
done, but the bleeding continued. After three weeks, Nissen removed the 
left ninth rib, crushed the phrenic nerve, resected the mass, and im- 
planted the ligatured stump of the esophagus into a small opening in the 
fundus of the stomach by a Witzel-like technique. He sutured the 
diaphragm around the stomach and closed the mediastinal pleura and 
chest without drainage and with the lungs expanded. A transfusion was 
given; there were no complications. X-ray showed good function and 
the patient was discharged in good condition four weeks after operation. 

In cases of suspected carcinoma of the esophagus Eggers (19388) and 
Whipple (1939) each successfully removed the entire thoracic esophagus 
by Torek’s technique (see section on Carcinoma of the Midesophagus). 
In Eggers’ case there was a chronic, stenosing ulcer, and in Whipple’s, 
a strictured zone of fibrosis with superficial ulceration of the mucosa 
above it. 

Ballin and Saltzstein (1922) reported the occurrence of an esophageal 
fistula into an empyema cavity in a boy, aged 15 years, following pneu- 
monia. He was fed through a Rehfuss tube and the communication 
eventually closed, after which the lung expanded, with recovery. These 
authors referred to Hawes’ case in which a lung abscess perforated into 
the esophagus. Equen (1924) told of a boy, aged 4 years, with a strie- 
ture at the level of the aortic arch due to an old burn with lye, in whom 
barium ran through the mediastinum into the right upper lobe of the 
lung. <A gastrostomy was provided and the boy was placed in bed on his 
left side, whereupon recovery occurred. Dilatations were lafer carried 
out with some success. Benson and Penberthy (1938) reported the re- 
covery by catheter-cannula drainage and tube feeding of a boy, aged 
2 years, in whom tension pneumothorax and empyema were due, in all 
probability, to the perforation of a foreign body through the wall of 
the esophagus into the left pleural sac. Milk given inadvertently shortly 
after operation ran out of the catheter immediately. 

Engelstad and Thrane (1936) described a unique occurrence in a 
male, aged 52 years, from whom a large piece of meat was removed from 
the lower esophagus through an esophagoscope. The meat had caught 
because of a mass of swollen, indurated, infected tissue which on biopsy 
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showed nonspecific chronic inflammation. Later, roentgenograms with 
barium showed a communication with the gastrohepatic omentum or the 
lesser peritoneal sac. The patient recovered without operation and 
studies two months later demonstrated a niche where the perforation 
had occurred but no evidence of other pathology and no retention. This 
was presumably a case of silent uleer of the esophagus with perforation 
below the diaphragm. 

Corrosive Burns.—Beeause of the persistence of Chevalier Jackson 
(1910, et seq.), a Federal law to assure the proper labeling of caustic 
alkalies was passed in 1927. This act, together with education of the 
public, appears to have resulted in a decrease of more than 50 per cent 
in the number of corrosive burns of the esophagus in Pennsylvania, 
Florida, and Colorado, where reports are available. The reduction has 
occurred in spite of the increasing use of lye preparations and is gratify- 
ing, although efforts to improve the situation further should be per- 
sisted in (Taylor, 1935). 

Salzer (1920, 1934) urged early bouginage, beginning between the 
second and sixth day after the swallowing of a caustic, in an effort to 
prevent adhesions between the walls of the esophagus which would later 
result in strictures. Among 180 patients so treated, 163 were cured 
so that they could swallow solid foods in a normal manner. In only 
three instances was the esophagus perforated by the flexible, shot-filled, 
No. 30 bougie which he used. Salzer was particularly successful by this 
method in the treatment of children. However, the experiments of 
Belinow (1935) on dogs appeared to show that nothing is to be gained 
by separating the walls of the esophagus before the seventh to tenth 
days, because exfoliation continues during this time and surface fibrosis 
does not begin until the stage of exfoliation is completed. Furthermore, 
according to Campidn (1928), it is dangerous to pass bougies until the 
macerated walls have regained some of their strength. Belinoff (1930) 
recommended, for the first seven to ten days, the injection of olive oil 
into the esophagus. This served for feeding and made the passage of 
bougies later on much easier. The method of early bouginage has been 
accepted by Phelps (1938), among others, but many esophagoscopists 
feel that they obtain as good results more safely if they delay bouginage 
until the seventh to fourteenth days (e.g., Equen, 1924; Lotheissen, 
1937). Treer and Falta (1935) placed emphasis on the importance of 
putting the esophagus at absolute rest by very early gastrostomy. (Gas- 
trostomy without bouginage to keep the esophagus open is to be con- 
demned, however. In Salzer’s splendid series, which in spite of all 
criticism demands the most earnest consideration, it was necessary to 
perform gastrostomy in only three eases, and the patients almost uni- 
formly maintained excellent nutrition throughout their illnesses. 

If, by early management with rest and bouginage, the esophagus does 
not return to its normal function within two months after a chemical 


RECENT ADVANCES IN SURGERY 799 


burn, dilatations must be carried out. Lerche (1915) reproduced an 
illustration of Jameson’s (1825) esophageal sound which was passed on 
a swallowed string. Jameson’s important contribution has been skill- 
fully adapted to many varieties of esophageal instrumentation, in this 
country notably by Plummer (1910), Vinson (1924), and Tucker 
(1924). Capelle (1918) and Tucker, by means of his own bougies, uti- 
lized von Hacker’s method of retrograde bouginage on a continuous 
string for the dilatation of narrow strictures. Mosher (1936) fashioned 
special instruments for fluoroscopic bouginage in selected cases. Hoag 
(1937) described an ingenious method of dilatation by the use of Levine 
tubes and ordinary catheters of gradually increasing size. Kummant 
(1932) reported a simple maneuver for quickly picking up, through a 
gastrostomy, a ureteral catheter which has been passed down from the 
mouth on a swallowed string. 

Occasionally, it has been found impossible by ordinary methods to get 
a string or an instrument through the tortuous channel of a strictured 
esophagus. Rarely the stricture is actually impermeable, although more 
often it is only apparently so (Zaaijer, 1932; Demel, 1933). Lotheissen 
(1926) has taken advantage of the Prussian blue reaction to determine 
this. Even when the chemical test indicates impermeability, instru- 
ments have sometimes been passed eventually with comparative safety. 
One of the best procedures for this purpose appears to be Iglauer’s 
(1932), used also with success by Zaaijer (1932), Carroll and Myers 
(1937), and Freiberg (1937). Iglauer passed a cystoscope through a 
gastrostomy, filled the stomach with water, entered the esophagus, and 
under visual control passed a ureteral catheter through the strictured 
area up to the mouth. When the channel has been particularly diffi- 
cult to find, or if there is actual impermeability, double esophagoscopy 
under the control of biplane fluoroscopy has resulted occasionally in 
safe perforation of a short stenosed zone (e.g., King, 1924; Jackson, 
1931). 

In the quite rare instances in which it is found impossible by any 
safe means to pass a string or instrument through the esophagus, an 
antethoracie esophagus may be constructed. Since the original efforts 
of Roux (1907), many varieties of operation have been carried out in 
an effort to provide a living tube, without fistula or stricture, which will 
bridge the gap between cervical esophagus and stomach. All of the 
procedures are time-consuming and somewhat dangerous, but the esoph- 
agodermatojejunogastrostomy of Lexer (1911) the operation most used 
at present, has proved quite satisfactory from the standpoints of tech- 
nique and of function in the hands of a number of surgeons (e.g., 
Petersen, 1921; Wiedemann, 1928; Oulié, 1929; Strahle, 1931; Ochsner 
and Owens, 1934; Grégoire, 1984; Lob, 1936; Mullen, 1986). Rovsing 
(1925, 1926) described several successful esophagodermatogastrostomies, 
but the union of skin to gastrie mucous membrane is likely to result in 
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ulceration, stricture, and a fistula. However, Wendel (1929) used this 
technique with satisfaction in a patient whose jejunum was not avail- 
able for Lexer’s operation due to adhesions and a short mesentery. 
Dengel (1930) obtained a good result by a modification of Jianu’s 
(1912, 1914) operation. 

Lundblad (1934) reported on a boy on whom an esophagocolono- 
gastrostomy was performed twenty-one years before, at the age of 3 
years, for a complete stricture due to the swallowing of lye. He noted 
that the transplanted colon had kept pace in growth with the body as 
a whole. Although a slight fistula had persisted, the tube functioned 
perfectly and the boy was essentially well. 

Specific Infections —Ot the specific inflammatory diseases of the 
esophagus, tertiary syphilis is most frequently reported. In most of the 
cases the evidence on which the diagnosis is based is largely serologic 
and therapeutic, but there is no doubt but that the lesion is a real one 
and should be kept in mind, particularly in the differential diagnosis 
of carcinoma (McMahon, 1923; Abel, 1928). Abel stressed the im- 
portance of repeated biopsies to rule out carcinoma in cases in which 
the question of syphilis might have been raised. The two lesions have 
been known to occur together. Morgan (1938), at autopsy on a colored 
male, aged 50 years, reported finding a gummatous mass which in- 
volved the diaphragm and the adjacent portion of the esophagus. Al- 
though serologic evidence of syphilis had been obtained, antisyphilitie 
treatment and dilatations had not been provided because the lesion was 
considered to be carcinomatous. Nehrkorn (1930) recorded the cure 
of a patient, who had been thought at operation to have an inoperable 
carcinoma of the upper stomach and lower esophagus, by gastroenteros- 
tomy, a Witzel gastrostomy, sounding on a continuous string, and anti- 
syphilitic treatment. 

Guyot (1931) found fifty-seven cases of syphilis of the esophagus 
reported in the literature. Among these, eleven had been confirmed at 
autopsy, fifteen had been recognized at esophagoscopy and had been 
eured by specific treatment, and fourteen had been improved by anti- 
syphilitic therapy without other confirmation of the diagnosis. More 
recent cases were cited by Jackson and Jackson (1933), Watson-Wil- 
liams (1933), Wileox (1934), and Avery (1936). Nissen (1934) reeom- 
mended antethoracie esophagoplasty in eases of syphilitic stricture which 
remained impermeable after gastrostomy and antisysphilitic treatment. 
Abel (1928) mentioned the frequent, but clinically insignificant, involve- 
ment of the esophageal mucosa in secondary syphilis and the rare oceur- 
rence of the congenital form. Mosher (1935), on the other hand, re- 
marked that in a children’s hospital it is not uncommon to find mal- 
formations of the esophagus which are due to congenital syphilis. 


The esophagus is not commonly the seat of tuberculosis, even in pa- 
tients who continually swallow the organisms. Still more rarely it har- 
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bors a localized lesion in a patient who is free or almost free of tubereulo- 

sis elsewhere. Jackson (1929) spoke of primary tuberculosis as a super- 
ficial, whitish or grayish ulceration with no surrounding hyperemia. 
Such a lesion, in the experience of Torek (1931), however, was exten- 
sive enough to cause obstructive dysphagia near the cardia, in a male, 
aged 69 years. The lungs showed only questionable healed tuberculosis 
at the right apex and the sputum was repeatedly negative. A some- 
what similar situation was described by Lévy and Cally (1932) in a 
diabetic woman, aged 72 years, whose dysphagia of six month’s duration 
was found to be due to a partially constricting, irregular process which 
extended from the level of the sternal notch to behind the heart. The 
radiograph showed a double contour, indicating thickening of the wall 
of the esophagus; the lungs were normal. At esophagoscopy there was 
seen a white, fibrous, immobile fold without visible ulceration. A biopsy 
revealed a typical tuberculous lesion and Ziehl’s stain showed the 
bacilli of Koch. In the case of Ineze (1934) autopsy demonstrated 
miliary tuberculosis, with an old, chronie tuberculous lesion in the wall 
of the esophagus as the only apparent source. 

Jackson (1929) mentioned the occurrence of ulceration of tuberculous 
mediastinal lymph nodes into the esophagus. Galavotti (1934) described 
two cases of this nature, in one of which caseating retroperitoneal nodes 
had also invaded and ulcerated the duodenum. In both eases tubercle 
bacilli were found within the lymph nodes and in the involved portions 
of the esophageal walls. 

Actinomycosis of the esophagus must be exceedingly uncommon. In 
the only recent reference to the disease Jackson and Jackson (1933) 
reported an instance of actinomycosis of the lung which appeared to 
have spread from a lesion in the esophagus. Garde (1896) noted four 
primary and two secondary cases in the human being, and Bartlakowski 
(1930) mentioned a case of surface infection in a monkey. 

Still rarer is the occurrence of blastomycosis of the esophagus, even 
in disseminated cases, and the only known primary infection was 
deseribed, in 1928, by Vinson, Broders, and Montgomery. 


(To be concluded in the December issue. The references will accompany the last 
section.) 
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Review of Recent Meetings 


THE TWENTY-SECOND ANNUAL MEETING OF THE 
AMERICAN BRONCHOSCOPIC SOCIETY* 


Paut Howincer, M.D., Cuicaco, Inu. 


HE Twenty-Second Annual Meeting of the American Bronchoscopic Society was 

held May 26, 1939, at the Westchester Country Club, Rye, N. Y., President 
John D. Kernan, New York, N. Y., presiding. 

The name of the Society was changed from the American Bronchoscopic So- 
ciety to the American Broncho-Esophagological Association. 

The President’s Address consisted of a review of the present status and recent 
advances in the field of bronchology, with a discussion of some of the unsolved 
problems in this field. 


Kernan stressed the bronchoscopic diagnosis and treatment of lung abscess. 
The use of irrigating, sulfanilamide, and zine peroxide solutions, and solutions 
designed to shrink the mucosa, such as adrenalin and saline, to permit better 
drainage were mentioned. These procedures under the fluoroscope may be of 
definite value in specifically localizing and directing therapy. 

Kernan, in commenting on the rapid increase of tuberculous tracheobronchitis, 
questioned whether this is due to more accurate diagnosis or to collapse therapy 
being instituted so universally. He suggested the use of mercury vapor lamps 
to promote better healing with less scar tissue formation than that which follows 
the use of silver nitrate. Dilatation of strictures, furthermore, is not without 
its ill effects. The mechanical trauma which accompanies the dilatation must be 
considered in autoinfection with the spread of the disease following bronchoscopy. 

In regard to tumors, Kernan discussed adenomas of the bronchus which, with 
the slightest manipulation, bleed, sometimes uncontrollably. He suggested roent- 
genotherapy preliminary to further endoscopic therapy as an aid in reducing the 
operative hemorrhage. It is then possible at times to destroy the growth with 
electrocoagulation. Of the malignant growths, he believed endoscopic therapy 
to be only palliative and to consist of the implantation of radon seeds into the tumor. 
He stressed the need of further experimental work in this field and constant 
work with animals which is necessary to develop and maintain skill and to over- 
come difficulties and prevent failures, 


In the presentation of new instruments, Gabriel Tucker, Philadelphia, Pa., pre- 
sented a new instrument for the dilatation of the hiatal esophagus, consisting of a 
combination of the Hurst mercury bougie with the Mosher pneumatic bag placed 
near the distal end. The weight of the mercury bougie carries the bag into 
position for inflation. Tucker presented representative cases treated with excel- 
lent results by means of this dilator. 


Paul Holinger, Chicago, Ill., presented a new infant bronchoscope and esophago- 
scope, miniatures of the regular Jackson type of instruments. Distal illumination 
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*The articles reviewed here will appear in entirety in the Annals of Otology, Rhinol- 
ogy and Laryngology. 
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is obtained by an extremely small light and light carrier placed in a canal similar 
in construction to the Negus ‘‘suckling’’ bronchoscope. Because of the small 
size of the light and light carrier, a significant decrease in size of the outer dimension 
of the instrument is possible, facilitating its use in the air and food passages of 
the newborn. 


Several case reports were presented. 


David H. Jones, New York, N. Y., discussed the treatment of a 2-year-old 
child who had swallowed a caustic, drano. A No. 12 Levine feeding tube was 
passed into the stomach two hours after the accident. The child received nourish- 
ment through the tube. A number of complications occurred during the treat- 
ment. The child developed bilateral swelling of the glands of the neck and 
otitis media. A gastrostomy eventually had to be done. A laryngotracheobron- 
chitis, which developed during the course of treatment, necessitated a tracheot- 
omy. Therapy of the caustic strictures of the esophagus was carried out by 
gradually increasing the size of the feeding tubes. The child eventually re- 
covered, 


Harris P. Mosher, Boston, Mass., stressed the frequency and importance of inflam- 
matory disease at the lower end of the esophagus in systemic disease. Completed 
examination of ten of a series of 100 patients who died of unrelated causes dem- 
onstrated two with periesophageal abscesses in the distal portion of the esophagus. 
The first patient, a female, died of lobar pneumonia. The second, an 85-year-old 
male, died of carcinoma of the prostate. 


John F. Delph, Chicago, Ill.: Hemoptysis During Menstruation—Bronchoscopic 
Observations.—In a case of hemoptysis recurring on the second day of each menstrual 
period for eight months, Delph found a bleeding point consisting of a prominent 
vessel on the posterior wall of the left main bronchus. It was cauterized with 


20 per cent silver nitrate. There has been no recurrence of the symptom for 


two and one-half years. The increase in capillary fragility during the menstrual 
period was discussed as a possible etiologic factor. 


Ellen J. Patterson, Pittsburgh, Pa., presented a report of a 3-year-old child with 
multiple papillomas of the larynx, trachea, and left bronchus. Laryngeal papil- 
lomas had been previously removed, but recurring dyspnea required tracheotomy. 
The larynx was again freed of the papilloma, but repeated lower bronchoscopies 
were necessary to clean the trachea and bronchus. The disease has been benign 
and self-limited; the child recovered and has a normal larynx. 


Rudolph Kramer, New York, N. Y.: Myoblastoma of the Bronchus.—Kramer re- 
ported the case of a young girl with an atelectasis of the right lower lobe due to 
a tumor of the right lower lobe bronchus. The tumor, removed bronchoscopically 
with punch forceps and diathermy, proved to be a myoblastoma. 


The following papers were read: Ethan Flagg Butler, Ithaca, N. Y.; N. S. 
Lincoln, Mount Morris, N. Y.; BR. Horton, Albany, N. Y., and John K. Deegan, 
Ithaca, N. Y.: Late Results of Foreign Bodies Long Retained in the Lower Air- 
ways.—Nine cases of foreign bodies in the bronchi of several years’ duration were 
presented with a discussion of the causes for the delay in recognition, the resulting 
pathology, the treatment, and end results. 

Butler and co-workers state that the pathology produced by foreign bodies 
constitutes 0.5 per cent of thoracic surgery and is present in 1.5 per cent of ad- 
missions to tuberculosis hospitals. Analysis of the factors responsible for a de- 
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layed diagnosis showed the most important one to be the overlooking or disregard- 
ing of a definite history of the foreign body accident, or the failure to elicit a 
positive history subsequently recalled or admitted by the patient. Second in 
importance was failure or delay in securing x-rays; and third, a misinterpreta- 


tion of roentgenograms. In one instance neither the history nor the roentgen 
findings indicated a foreign body, yet the pathologic examination of a surgically 
removed lobe revealed a sliver of wood in the bronchus. The foreign bodies in 
the other eight patients were: timothy heads, 2; nails, 2, one of thirteen years’ 
and one of ten weeks’ sojourn; one each of a screw cap, a piece of sponge rubber, 
a bead, and an open safety pin present three years and complicated by an 


empyema, 

The authors divide patients into four groups: (1) nonobstructing foreign 
bodies producing no pathologie damage; (2) bronchial obstruction with acute 
suppuration and pneumonitis; (3) obstruction followed by chronic suppuration 
and bronchiectasis; and (4) peripheral foreign bodies producing lung abscesses. They 
base their surgical indications on this classification. The nonobstructing foreign 
bodies producing no pathologie damage require no surgical intervention. When 
the prolonged residence of an obstructing foreign body has produced a chronic 
suppuration and bronchiectasis, the authors conclude that every effort should be 
made to give adequate bronchoscopic drainage, and then, if feasible, surgically 
to eradicate the disease. In peripheral foreign bodies which have produced lung 
abscesses, excision of the lobe is indicated. The greatest therapeutic problem ex- 
ists in obstruction with acute suppuration and pneumonitis. 


Of the nine patients presented, five are living and well; four died either as a 
result of the foreign body or following surgery. 


Mervin C. Myerson, Brooklyn, N. Y.: Tuberculous Ulcerogranulomatous Bron- 
chitis.—Mvyerson states that the active stage of tuberculous tracheobronchial dis- 
ease is the ulcerogranulomatous form. Of 236 patients with pulmonary tuberculosis 
examined bronchoscopically, forty-three had this type of tuberculous lesion and 
fifteen demonstrated other types of tracheobronchial tuberculosis. The patho- 
genesis may be by two routes: by continuity from a caseous pulmonary lesion of 
the parenchyma or by extension from lymphatic glands. The tracheobronchial 
disease tends to begin in the periphery and to progress toward the larynx. 
Myerson describes four stages of the pathology. In his experience almost all the 
lesions begin as a continuation of the pulmonary lesion, with a subepithelial ex- 
tension of the tuberculous process. A round-cell infiltration below the level of the 
normal mucosa is followed by an ulceration of the overlying mucosa and by the 


of the surface. The final stage is fibrosis, with 
Broncho- 


ulcerogranulomatous lesion 
stenosis of the bronchus produced by the scar tissue contraction. 
seopically, the ulcerogranulomatous lesions appear pale, gray, irregular, and cor- 
rugated, and often obstruct the bronchial lumen. 

The most constant symptom is rough noisy breathing or a wheeze, often as- 
sociated with partial or complete bronchial obstruction, simulating a foreign 
body or a neoplasm. The sputum may be positive, although the peripheral lesion 
be kept under control by some form of collapse therapy. From the roentgen 
picture it is impossible to note the spread of the disease along the tracheo- 


bronchial tree unless the lesion completely obstructs the bronchus. 


Myerson extends the indications for bronchoscopy in pulmonary tuberculosis, 
stating that it should be done routinely prior to thoracoplasty or artificial pneu- 
mothorax. It may even be advisable in patients with pulmonary tuberculosis 
who are not too sick from the disease. Evidences of bronchial obstruction, such 
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copy, as is an unexplained hemoptysis with positive sputum or spread of the dis- 


ease. 


mon site of the lesion on the left side is on the superior wall; on the right side, 
usually the lateral wall; in the middle lobe orifice, the anterior wall. 


Ben L. Bryant, Los Angeles, Calif.: A Consideration of the Reflex Etiology of 
Cardiospasm.—The author, in reviewing the theories of the etiology of cardio- 
spasm, states the disease is not at the cardia nor is it a spasm. He reviews as an 
etiologic factor the action of the crura of the diaphragm. The theories of the 
lesion being congenital, psychogenic, or due to compression of surrounding 
structure are presented. Discussing the underlying neurogenic mechanism, Bryant 
mentions the degenerative changes in the ganglionic cells of the Auerbach plexus. 
Several cases presented illustrate the etiologic significance of pathologie condi- 
tions elsewhere in the gastrointestinal tract. Although the author does not intend 
to place all so-called cardiospasms on a reflex basis, the cases cited support the 
theory ‘‘that anything which unduly disturbs the reflex are of the myenteric 


plexus may serve as an inciting cause of functional stenosis of the esophagus.’’ 


Samuel Iglauer, Cincinnati, Ohio., and Wm. F. Molt, Indianapolis, Ind.: Laryn- 
geal Stenosis Following the Use of Levine Feeding Tubes, With Report of Cases.— 
The authors report ten instances in which severe injuries to the larynx rr 
curred following the use of Levine feeding tubes kept in situ from six to fifteen 


days. In eight of these the stenosis became so acute that tracheotomy was neces- 


sary. Pain deep in the throat was the outstanding symptom, patients frequently 
complaining that the pain extended to the ears. Dysphagia, blood-streaked 
sputum, and hoarseness were present in almost all cases. Preceding the tracheot- 
omy, an increasingly irritating cough followed by severe dyspnea were the symp- 
toms and the laryngeal picture was that of a subglottic edema which rather 
rapidly became more acute and frequently was associated with fixation of one or 
both of the arytenoids. A pressure necrosis of the esophagus over the cricoid 
cartilage was found in two cases at post mortem. The ulceration and acute 
subglottic stenosis or fixation of the arytenoids, characteristic in the series, were 
demonstrated also at autopsy. <A sphincter-like action of the muscles of the 
hypopharynx apparently had pressed the tube onto the ecricoid cartilage. This, 
with swallowing and vomiting, led to a perichondritis of the cricoid cartilage 
followed by the characteristic subglottic edema and stenosis. In one instance the 
tube had been present eight days. The dyspnea, beginning five days following 
its removal, gradually increased the subsequent ten days until tracheotomy 
became necessary. In the second patient an irritation developed in the throat 
two days after the insertion of the tube which was left in place fifteen days. 
Tracheotomy was required on the thirteenth day. 


Thomas R. Gittins, Sioux City, Ia.: The Acute Chest From the Bronchoscopic 
Standpoint.—Gittins points out that the value of bronchoscopy in acute pul- 
monary disease is diagnostic and therapeutic. He emphasizes it as an adjunct 
to the usual methods of auscultation, percussion, and the roentgenologie studies 
of the chest, limiting his discussion to facts established by its use. He points out 
the confusing similarity between pneumonia and atelectasis, and the importance 
of early recognition of their differential diagnosis. As mechanical obstruction, 
such as is caused by foreign bodies, produces an atelectasis and, later, a bronchiec- 


as wheezing and unexplained atelectasis, are, of course, indications for bronchos- 


Treatment of tuberculous lesions of the trachea and bronchi is frequently un- 
satisfactory because of their extent. In the tracheobronchial tree the most com- 


‘ 
? 
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tasis, early correct diagnosis with the subsequent bronchoscopic treatment is 
stressed and is illustrated by a series of cases. The author cites ball valve 
of the least understood and most misunderstood 


obstructive emphysema as one 
He mentions the extremely acute 


of acute symptoms of pulmonary pathology. 
infections which accompany certain foreign bodies, such as aspirated corn or 
peanut candy. An allergic sensitivity to peanuts may possibly be responsible 
for the acute reaction. The value of bronchoscopy in the aspiration of obstructing 
mucopurulent secretions in postoperative massive collapse of the lung is stressed, 
with illustrative cases. Another type of acute pulmonary disease requiring 
endoscopic management is associated with laryngeal obstruction and a descend- 
ing infection; namely, an acute laryngotracheobronchitis. It often is accompanied 


by atelectasis and may be confused with bronchopneumonia. 


E. N. Broyles, and Gilbert E. Fisher, Baltimore, M.D.: Bronchoscopic Experi- 
ences With Lung Tumors.—The symptoms, signs, and diagnostic methods used in 
establishing the diagnosis in sixty-five cases of primary bronchial tumors are ana- 
lyzed. The figures of the increasing incidence of bronchogenic carcinoma are quoted, 
this disease constituting 8 per cent of carcinomas in males and 2.5 per cent of 


The disease is five times more common in the male. Of 


earcinomas in females. 
The age incidence 


the series, fifty-four patients were males, 11 were females. 
was between 40 and 50 years. No relation to the occupation of the patient could 
be correlated. The disease was found 5.5 times in white people to 1 in negroes. 
Sixty-five per cent were squamous cell carcinomas; the next most common type 
was adenocarcinoma. The value of bronchoscopy in establishing the diagnosis is 
stressed. In fifty-three, or 90 per cent, of the authors’ cases, the diagnosis was 
made by bronchoscopic biopsy. A positive diagnosis was made in 92 per cent of 
the cases in which bronchoscopy was employed in addition to roentgen studies. 
The symptomatology of these sixty-five patients was varied, but the commonest 
symptoms were fever, cough, pain, and hemoptysis. In discussing therapy, the 
authors state that the squamous cell type of tumor is highly resistant to roent- 
gen therapy, but the tumor remains fairly well localized and metastasizes late. 
It consequently offers the best outlook for response to surgery. Surgical ex- 
cision of the lung is the therapeutic procedure of choice, coagulation of the 
growth, roentgen ray, or radium being of no appreciable help except in isolated 


cases. 


Waitman F. Zinn, Baltimore, Md.: The Biplane Fluoroscope as an Aid in the 
Removal of Foreign Bodies From the Lungs.—Zinn presented two illustrations of 
the importance of biplane fluoroscopy as an aid in the removal of foreign bodies 
from the lung. He pointed out that, although biplane fluoroscopic assistance is 
indispensable in certain types of cases, it is not an easy short cut for the removal 
of foreign bodies. The first patient, an 8-year-old boy, had aspirated a .22 caliber 
bullet. Several unsuccessful attempts elsewhere at removal bronchoscopically 
further complicated the case. The foreign body was removed with fluoroscopic 
assistance and guidance. The second patient, a 45-year-old male, had complained 
of hemoptysis seventeen years. The history and roentgenograms were negative 
for foreign body. Careful roentgen examination revealed a lead fishing sinker 
in the base of the right lung, present forty years. Hemoptysis was severe enough 


to necessitate transfusion. The foreign body was removed with biplane fluoro- 


scopic guidance. 

Emmett T. Gatewood, Richmond, Va.: Certain Phases of Respiratory Failure.— 
Gatewood reports two cases of respiratory failure following the successful 
reestablishment of the airway. The first, a 21-year-old male with Ludwig’s an- 
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gina, required an emergency tracheotomy because of an extreme dyspnea. On 
opening the trachea, the lumen was tound to be dry and a tube was inserted. 
The patient breathed eight to ten times through the cannula, then suddenly ex- 
pired, the successful tracheotomy being followed immediately by respiratory fail- 
ure. In the second patient a large aneurysm caused distortion and compression 
of the trachea, but the stenosis was relieved by the insertion of a rubber tube 
through the tracheotomic cannula, beyond the area of stenosis. The patient died, 
however, despite the restored airway. 


To study these phenomena and to evaluate the resuscitative measures, Gate- 
wood induced varying degrees of obstructive asphyxia in forty-two tracheotomized 
dogs. In the first group an obstruction was permitted for twenty-four hours, the 
tube being obstructed 75 per cent or more until dyspnea occurred. As carbon 
dioxide was accumulated in the arterial blood, the respiratory mechanism was 
stimulated. A sudden release of the obstruction resulted in overventilation, the 
carbon dioxide being washed out rapidly by the deep, rapid breathing. During 
the period of obstruction, the total arterial carbon dioxide tension decreased, the 
average increase in the pH being 1.2. In the experimental animals no indications 
of respiratory failure followed the release of the obstruction. The hyperpnea 
resolved and the breathing returned to normal in a short time. 


REVIEW OF THE MEETING OF THE AMERICAN ASSOCIATION 
OF OBSTETRICIANS, GYNECOLOGISTS, AND AB- 
DOMINAL SURGEONS, SEPT. 7, 8, AND 9, 
HOT SPRINGS, VA. 


RicHarp Pappock, M.D., Sr. Lours, Mo. 


(From the Department of Obstetrics and Gynecology, Washington University School 
of Medicine) 


HE fifty-second annual meeting of the American Association of Obstetricians, 
Gynecologists, and Abdominal Surgeons was held at The Homestead, Hot Springs, 
Va., Sept. 7, 8, and 9, 1939. The meeting was well attended by members of the 
society and their invited guests. Out of the seventeen listed papers, sixteen were 
presented. 


Walter B. Mount, Montclair, N. J.: An Electric Timer: an Aid in Counting the 
Fetal Heart in the Second Stage of Labor and Timing Forceps Tractions.—He 
stressed the importance of observation of the fetal heart during labor. Slides 
of various types of face masks were shown. Types of the head stethoscope were 
demonstrated, including the Leff stethoscope. Demonstrated also were electrical 
aids in amplifying or recording the fetal heart. He discussed fetal electro- 
eardiography, its uses and limitations. The Wachenfeldt signal clock and electric 
timer for use with the head stethoscope and for spacing and timing forceps trac- 
tions was described. A bell sounds at intervals of 15 seconds, 30 seconds, or 1 


minute, serving a double purpose to time fetal heart and intervals between 
tractions, 


Received for publication, September 28, 1939. 


SURGERY 


808 


Samuel A. Cosgrove, Jersey City, N. J., in discussion stated that fetal chances 
should be improved with safety and that frenzied interference is inadvisable. 
Frederick H. Falls, Chicago, Ill., in discussion considered the importance of the 
timer and head stethoscope. William Wayne Babcock, Philadelphia, Pa., showed 
a stop watch that gives direct reading of rate on the dial after thirty beats are 


counted. 


Otto H. Schwarz and S. D. Soule, St. Louis, Mo.: Blood Lipids in Pregnancy.— 
Dr. Soule presented the paper. This consisted of a preliminary report on the 
determination of the blood lipids in normal pregnancy. The trend of increase 
of the blood lipid concentration was followed by a complete lipid study at monthly 
intervals on normal pregnant women without special supervision other than the 


regular prenatal care. By charted curves and tables the authors showed the in- 


crease of lipids and their concentration at term. 


E. D. Plass, Iowa City, Ia., in his discussion brought up the significance of 
lipemia and commented on the value of the data presented by the authors. He 
also remarked of the question of hepatic malfunction. James Ethelbert Davis, 
Ann Arbor, Mich., considered the question of the relation of increase in blood 
lipids to the increase in gonadotropic hormone. James R. Bloss, Huntington, 


W. Va., in the discussion mentioned the basal metabolic studies in the pregnant 


woman. 


W. R. Barney, Cleveland, Ohio: Treatment of Hemorrhagic Disease of the 
Newborn.—Dr. Barney stated that the term is purely a descriptive one. Etiology 
He outlined the various theories advanced and the recent in- 


is not known. 
vestigations in vitamin therapy, such as increasing the maternal vitamin intake 
No 


during pregnancy, as well as administration of vitamin K to the child. 
characteristic pathology is found. Prognosis is good if treated early. The best 
treatment is intravenous blood. Anticoagulants and serums give poor results. 


A summary of 41 cases with comparative results with no treatment, intramuscu- 
lar blood, and intravenous blood was given. Dr. Barney advises against the use of 


longitudinal sinus. 


Richard Paddock, St. Louis, Mo., in discussing the paper of Dr. Barney, stressed 
the necessity of immediate treatment. He quoted miraculous results with intra- 
venous blood and cited the fatal effect of piercing longitudinal sinus in trans- 
fusion. Thomas B. Sellers, New Orleans, La., discussed uses of diet in prophylaxis 
of hemorrhagic disease, as well as use of vitamin K and whole blood in the 


treatment. 


James K. Quigley, Rochester, N. Y.: Maternal Welfare Work—What Are Its 


Fruits?—He outlined some of the fruits of prenatal care and the nature and 
For the first time in many years the maternal 
Questionnaires 


scope of the work being done. 
mortality rate of the United States shows a substantial decline. 
sent to state health departments and state medical societies revealed the fact 
that much maternal welfare work has been done in the past ten years. This, 
Dr. Quigley believes, has been in large measure responsible for the improved 
conditions. His suggestions for the future include the warning that the work, 
while meeting with encouraging results, is only begun and must be continued. 


This paper caused considerable comment by way of discussion by the follow- 
Fred L. Adair, Chicago, Ill., gave a summary of the campaign of maternal 
N. F. Paxson, Philadelphia, Pa., outlined the 


ing: 
welfare over twenty-seven years. 
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work in Philadelphia and the reduction in maternal mortality, giving credit to 
Dr. Philip Williams. He stressed the importance of interchange of ideas among 
obstetricians who are interested in reduction of maternal mortality. A. W. 
Bingham, Jersey City, N. J., quoted favorable results since 1923, and pointed 
out the importance of coordination of various agencies. His discussion was ac- 
companied by lantern slides showing statistics. R. E. Seibles, Columbia, S. C., 
mentioned that approximately one-half of the births in South Carolina were 
attended by physicians and one-half by colored midwives. One problem there is 
better training of midwives and attempts at elimination of unfit midwives. In 
South Carolina it is largely a rural problem. There has been a 30 per cent re- 
duction in mortality in five years. Irving W. Potter, Buffalo, N. Y., outlined the 
plan there. Frederick H. Falls, Chicago, Ill., made mention of the necessity 
of appeal for the support of the various state societies. R. L. DeNormandie, 
Boston, Mass., spoke of the importance of the proper type of consultation where 
consultation is required. George F. Pendleton, Kansas City, Mo., considered 
how any plan for maternal welfare work should be adapted to the local com- 
munity. J. Bay Jacobs, Washington, D. C., discussed the program there. James 
R. McCord, Atlanta, Ga., spoke of factors tending to produce or decrease ma- 
ternal mortality rate. LeRoy A. Calkins, Kansas City, Mo., brought up several 


points for consideration in the maternal welfare program. 


Bayard Carter, Durham, N. ©.: Vulvo-Vaginal Mycoses in Pregnancy With 
Relation of Symptoms to Genera and Species of Fungi.—An outline of the positive 
cultures for yeastlike fungi taken from the vagina, labia, or both areas in 86 out 
of 200 pregnant women was shown. This study included a complete history of 
evidence of mycologie infection, vaginal examinations, agglutination with pa- 
tient’s serum, intradermal skin test smears, hanging drop and classification of 
the fungi. Attempts were made to correlate the species and genera of the fungi 
with the patient’s history and clinical findings. Lantern slides and tables 


were shown. 


P. Brooke Bland, Philadelphia, Pa., in his absence submitted his discussion, 
which was read. Results similar to those of Dr. Carter were obtained in the 
clinic of Dr. Bland. Alonzo K. Paine, Boston, Mass., was on the program of 
discussion. A. N. Creadick, New Haven, Conn., stressed conclusions drawn from 
work done. He mentioned some factors inducing susceptibility in patients. 
E. D. Plass, Iowa City, Ia., considered changes in physiology of the vagina that 
permit pathologic manifestations of the mycotic infections, mentioning a number 
of practical points. Archibald D. Campbell, Montreal, Quebec, spoke of some 
considerations of the subject. 


The Joseph Price Oration, a feature of the program, was given by J. B. Collip, 
of Montreal, Quebec, who spoke on The Pituitary Gland in General and Sex Hor- 
mones in Particular. 

In this comprehensive talk Dr. Collip covered the effect of pituitary extracts 
on hypophysectomized animals. The effects vary depending on the method of ex- 
traction of the anterior lobe. He outlined the effect on growth, as well as the 
thyrotrophic effect, the suprarenal cortical effect, and the effect of gonado- 
trophic hormones as well as the prolactin effect. Evidence of the peripheral effect 
of thyrotrophie extract of the anterior pituitary was shown; namely, the immedi- 
ate effect with the quick increase in metabolic rate. 


: 
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Of the gonadotrophic substances, the three principles or types were enumer- 


ated: 


Chorionic gonadotrophin 
Pituitary gonadotrophin (pituitary origin) 
Follicle stimulating 

Luteinizing 
Mare’s serum gonadotrophin 


The differences in the various substances in effect were mentioned. In general, 
they all produce the same type of reaction in immature rats. The mare’s serum 
type is most stimulating. Chorionic gonadotrophin is less active. The chorionic 
gonadotrophin plus pituitary gonadotrophin is more active. The effects of crys- 
talline products of the gonadotrophic substances were considered. 

Dr. Collip mentioned that the estrins as a whole cause enlargement of the 
pituitary gland, as well as inhibition of function. A comparison of the side effects 


of the gonadotrophins was considered. 


Surgery of the Cervix in Sterility.—The author 


Oren Moore, Charlotte, N. C.: 
In his practice chronic 


spoke of the diseased cervix in relation to sterility. 
endocervicitis is the etiological factor in the larger majority of sterile women. 
He described methods of classification of pathologic cervical canal with thick 
mucous plug. Medical treatment is considered useless. Electrical conization is 
often not effective and sometimes hazardous. Sturmdorf’s type of coning is, 
in the belief of the operator, more scientific and highly successful. 


Q. U. Newell, St. Louis, Mo., discussed results of various types of cervical 
treatment. J. M. Proctor, Raleigh, N. C., considered various ideas regarding treat- 
ment of the cervix. Howard Francis Kane, Washington, D. C., spoke of cauteriza- 
tion of the cervix. Frederick H. Falls, Chicago, Ill., considered pathologic phases 
of the cervix requiring treatment in sterility. Bender Z. Cashman, Pittsburgh, 
Pa., stressed the factor of endocervicitis. Robert A. Ross, Durham, N. C., Roland 
S. Cron, Milwaukee, Wis., Luman A. Gray, Louisville, Ky., and David Nye Bar- 
rows, New York City, contributed to the discussion by consideration of various 
phases of pathology and treatment of the cervix in sterility. 


John G. Walsh, Providence, R. I.: Stereoroentgenography of 400 Pelves With 
Clinical Correlation.—F our hundred cases selected because of suspected or proved 
dystocia were studied by the stereoroentgenographic technique of Caldwell and 
Moloy and classified as gynecoid, android, anthropoid, or platypelloid. A clinical 
correlation was made. The android pelvis proved to be the most serious. Labor 
was prolonged and difficult although serious dystocia was encountered in all types 
The method was of great benefit where operative intervention was 


of pelves. 
The prognostic significance of the method was considered debatable. 


necessary. 


Robert L. DeNormandie, Boston, Mass., gave a general discussion on clinical 
pelvimetry and its value, especially from a prognostic standpoint. J. Bay Jacobs, 
Washington, D. C., stated that where one wished to do roentgenographic pelvim- 
etry one should select a suitable technique and follow it. He outlined various 
techniques in use. George F. Pendleton, Kansas City, Mo., suggested the use of 
x-ray pelvimetry at the time of labor. Frederick H. Falls, Chicago, IIl., advised 
that x-ray studies should be made of the pelvis at the time of labor. Wm. T. 
McConnell, Louisville, Ky., expressed the opinion that the obstetrician should be 
familiar with the x-ray technique of pelvimetry if he uses x-ray pelvimetry. 
LeRoy A. Calkins, Kansas City, Mo., suggested the importance of the position of 
the patient when x-ray pelvimetry is used, in cases of inlet and outlet dystocia. 
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Louis E. Phaneuf, Boston, Mass.: Inversion of the Uterus—Report of Five Per- 
sonal Cases.—Dr. Phaneuf stated the predisposing factors in the etiology of inversion 
of the uterus are uterine inertia, pressure on the fundus from above, and traction 
on the cord from below. In the cases presented, shock was the leading symptom. 
The author stated, when shock is the leading symptom after the third stage of 
labor, inversion should be suspected. In acute cases the uterus should be rein- 
verted manually when the condition is discovered. If this is not possible, a 
laparotomy and reposition by taxis are advisable. In chronic inversion, anterior 
colpohysterotomy, the Spinelli operation, should be performed when the uterus 
ean be saved, and vaginal hysterectomy when it cannot. Abdominal hystereetomy 
may be performed when previous attempts at reduction have been made and the 
vagina is so bruised and ecchymotie that it is impossible to operate through it. 
Shock and hemorrhage should be combated by blood transfusions before and 
after operating. Five cases of puerperal inversion were reported. 


M. Pierce Rucker, Richmond, Va., discussed the frequency of inversion now. 
He believes the etiology is questionable. The condition is difticult to produce 
deliberately by methods ascribed as the cause. Moreover, the symptoms may be 
late coming on, and the condition may be recognized late. Samuel A. Cosgrove, 
Jersey City, N. J., stressed the point that the condition occurs mostly in multip- 
aras in the cases reported. James W. Kennedy, Philadelphia, Pa., cited his ex- 
perience in five cases of inversion of the uterus with hemorrhage and chronic 
inflammation and infection. Three of these were old multiparas and were treated 
by hysterectomy. Two cases were operated upon early. Irving W. Potter, Buffalo, 
N. Y., stated in his experience he had had no cases of inversion of the uterus. He 
feels that with the short second stage of labor by version and extraction the condition 
may be eliminated. Wm. H. Vogt, St. Louis, Mo., outlined a case with repetition 
of inversion of the uterus after a Spinelli operation. James E. Davis, Ann 
Arbor, Mich., discussed the possibility of hig attachment of the placenta, as in 
the fundus, as a factor. David N. Barrows, New York, N. Y., considered out- 
come of cases. Frederick H. Falls, Chicago, Ill, presented the possibility of 
thickening of the fundus and thinning of the wall of the uterus as in arcuate 
uterus. R. L. DeNormandie, Boston, Mass., outlined three cases of inversion of 
the uterus in his experience. Two he replaced. The other was treated by ab- 
dominal operation and taxis. James K. Quigley, Rochester, N. Y., recounted re- 
cults with the Aveling repositor. He cited the results of Victor Bonney. He re- 


ported the incidence at Rochester. 


James E. King, Buffalo, N. Y., president of the Association, celivered the 
President’s Address. iis paper was not abstracted and should be read in its 
entirety in the American Journal of Obstetrics and Gynecology or the Transactions 


of the Association. 


A. R. Abarbanel, Bronx, N. Y.: The Therapeutic Rationale for the Use of 
Testosterone Propionate in the Immediate Treatment of Functional Uterine 
Bleeding (Thesis—Awarded the Foundation Prize).—In this paper the author 
presented cases of bleeding that were treated by testosterone propionate. He 
outlined factors in the bleeding and the methods of administration of testosterone 


propionate. In his series a good outline of dosage was given. 


H. M. N. Wynne, Minneapolis, Minn.: Struma Ovarii—Dr. Wynne considered 
the frequency of the occurrence of thyroid tissue in ovarian dermoids and 
teratomas and pointed out how infrequent it is for an ovarian tumor to be com- 
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posed entirely of thyroid. He reported a case of solid ovarian tumor consisting 
of thyroid tissue only and with this tumor, a metastasis to the ischium. Lantern 


slides of various portions of the tumor, and of the x-ray studies of the ischium 


were shown. 


James E. Davis, Ann Arbor, Mich., in discussing this paper, considered the 
frequency of teratomas or teratoblastomas and discussed theories of their de- 


velopment with frequency, occurrence, and pathologic characteristics. 


Herbert Schmitz, Chicago, lll.: Hermaphroditism.—Dr. Schmitz considered the 
proper classification of hermaphrodites. Regardless of appearance of genitals and 
secondary sex characteristics, he considers it important to determine whether 


testicles or ovaries are present. He then reported cases with comments on the 


findings and classification of the cases. The cases were demonstrated by lantern 


slides. 


Wendell Long, Oklahoma City, Okla., reviewed the criteria of classification. 
He stressed the importance of consideration of the social attitude and sexual 


leaning of cases to be elassified. He considered secondary sex characteristics 


of minor importance in classification of the individual. In the discussion Dr. 


Long reported a case studied. 


James E. Davis, Ann Arbor, Mich., discussed the pathologic aspects in gen- 
eral. In the classification it is a matter of measurement of degree of poten- 


tialities. 


Wm. Seaman Bainbridge, New York City: The Interrelationship of Surgical 
Conditions of the Pelvic and Abdominal Viscera—Illustrative Cases.—The author 
presented the viewpoint that the surgeon who enters the pelvie cavity must be 
prepared to cope also with pathological conditions in the abdominal cavity, and 
vice versa. He presented a number of cases with lantern slides, showing condi- 
tions where it would have been disastrous to leave the conditions present in both 


cavities, without adequate surgery. 


James W. Kennedy, Philadelphia, Pa., discussed the presence of associated 
lesions in pelvic surgery. William Wayne Babcock, Philadelphia, Pa., recounted 
similar instances of inter-related pelvic and abdominal conditions requiring 
surgery. Walter T. Dannreuther, New York, N. Y., considered the matter of 
degree of extent of operative work important in determining how much to do at 
one operation. James E. Davis, Ann Arbor, Mich., discussed the frequency of 
operations and necessity of operative work. Tissues most frequently removed 
are tonsils, appendix, and ovaries. Many are perhaps too freely removed. In 
his experience only about one out of ten cases that go to autopsy following operation 
are seen by the surgeon who operated upon them, 


Robert D. Mussey, Rochester, Minn.: Report of an Investigation of the Clinical 
Relationship of Pyelitis of Pregnancy to Pre-Eclamptic Toxemia.—Dr. Mussey’s 
study included the symptoms and findings of 125 cases of pyelitis of pregnancy 
and 200 cases of pre-eclamptic toxemia reviewed. He feels that the data from 
these cases show that even though acute pyelitis is not an infrequent complica- 
tion of pregnancy, it is uncommon for it to be associated with manifestations of 
pre-eclamptiec toxemia or the late toxemia of pregnancy. The paper was il- 
lustrated with lantern slides. 


R. T. La Vake, Minneapolis, Minn., outlined his experiences with the conditions 


in question. He pointed out the importance of frequency of the two conditions, 
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from Dr. Mussey’s figures. He also discussed the relation between toxemia and 
infarction of the placenta. He stressed the high probability of complete recovery. 
Dr. La Vake feels that the paper helps maintain our balance between pyelitis and 
toxemia. Herman W. Johnson, Houston, Tex., considered the cases of pyelitis 
associated with bleeding from the uterus. As a possible cause he considered 
the theory of back pressure of veins of intervillous spaces plus the effect of 
bacterial enzyme. He feels that one can associate pyelonephritis and toxemia. 


W. T. McConnell and Luman A. Gray, Louisville, Ky.: Studies of the Female 
Ureter After Delivery.—In this work Dr. McConnell and Dr. Gray studied a 
series of cases with normal delivery and normal post-partum course, to determine 
the return of ureterectasis and pyelectasis to normal. This they considered along 
with the work reported by other investigators in the literature. In the second 
part of their study they followed the cases with puerperal pyelitis. Intravenous 
pyelograms were studied several years after the puerperal pyelitis. This study 
was intended to give some indication of the outlook from the urinary tract point 
of view for the patients with pyelitis during the puerperium. This paper was ae- 
companied by lantern slides of tables and of pyelograms of patients at various 
periods of pregnancy, puerperium, and later. 


Robert A. Ross, Durham, N. C., discussing the paper, stated that attention 
should be paid to urinary tract conditions after pelvic operative procedures. He 
feels that there are many cases of dilatation without symptoms. In reviewing the 
work in hospital practice he called attention to the fact that 60 per cent of 
pyelitis cases occurred in 25 per cent of the patients on the private service. 
Buford G. Hamilton, Kansas City, Mo., raised the question of cause of dilatation, 
the result of increased muscular activity of the ureters to express increased 
amount of urine in pregnancy. He suggested the anatomical type of patient 
as having to do with the frequency of urinary tract dilatation. H. M. N. Wynne, 
Minneapolis, Minn., considered the condition of urinary tract before pregnancy 
takes place as being a factor in pyelitis of pregnancy and dilatation of the 
urinary tract. Frederick H. Falls, Chicago, Ill., enumerated certain points in 
reference to the behavior of the urinary tract, including physiologic changes 
in the lower end of the ureter due to pressure and enlargement of the uterus, and the 
fact that the urinary tract and uterus develop from the same embryologic anlage. 
A possible cause of pregnancy pyelitis is that the urinary peristalsis is slower in 
both sides. It is probable this effect is hormonal in origin. Again, there may 
be some pathology already present in the ureters of patients who develop pyelitis. 
Dr. Gray suggested that the next studies made on the behavior of the urinary 
tract in relation to pregnancy be along the line of hormone effect, probably 
progesterone. He feels that cases having had pyelitis should be followed with 
treatment during the puerperium. 


Joseph W. O’Connor, Worcester, Mass.: Spontaneous Rupture of the Uterus.— 
According to the observations of the author, rupture of the uterus is one of the 
most deadly accidents of pregnancy. There are two types of rupture, complete 
and incomplete. The latter is rare. Spontaneous rupture is more common than 
traumatie rupture. The incidence cannot be accurately estimated since many 
cases are unrecognized. It is highest at the end of pregnancy and in labor. Rup- 
ture of the scar of previous classical cesarean section provides most of the re- 
ported cases. Relatively few follow cervical section. The causative factors may 
be classified in general as mechanical and histologic. The treatment is strictly 
surgical. 
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Howard F. Kane, Washington, D. C., studied cases reported some time ago. 
It seemed from these reported cases multiparity and invasion of the uterus were 
the two most common factors. The cases of rupture with ruptured scar and 
rupture after pituitary were hardest to diagnose. In the cases the degree of shock 
was greater than the degree of hemorrhage. One case was reported with a pla- 
centa accreta. Ward F. Seeley, Detroit, Mich., reported his varied experience 
with rupture. In two Detroit hospitals he found twenty-four cases of ruptured 
uterus. He outlined incidence and causes. He advised more transverse cervical 
cesarean sections. He advocated frequent transfusions in treatment. H. C. 
McDowell, Buffalo, N. Y., quoted observations on uterine rupture. The incidence 
after section about 1.5 per cent. Dr. McDowell believes incidence after low type 
of section greater than with high incision. Louis E. Phaneuf, Boston, Mass., 
quoted figures to show frequency of rupture after cesarean scar—after classical 
section, 4.1 per cent; after cervical section, 1.3 per cent. He also mentioned 
the condition of forty-four healed scars. 


Irving Potter, Buffalo, N. Y., gave a summary of 3,500 cases of abdominal see- 
tion with high incision. In this series the incidence of rupture was 1 per cent 
in subsequent cases. James E. Davis, Ann Arbor, Mich., reported two cases of 
rupture of the uterus. 

The following motion pictures were shown: Abdominoperineal Proctosigmoidec- 
tomy, by W. Wayne Babcock, M.D., Philadelphia, Pa.; The Treatment of Prolapse 
by Vaginal Hysterectomy, by Archibald D. Campbell, M.D., Montreal, Quebec; 
Forceps Deliveries Illustrating the Use of Special Types of Instruments, by Edward 
H. Dennen, M.D., New York, N. Y.; and Kielland Forceps Operations—Episiotomy 
—Repair With Knotless Sutures, by M. Pierce Rucker, M.D., Richmond, Va. 
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Book Reviews 


Cancer Laringeo, sur tratamiento quirurgico. By Ricardo H. Bisi. Paper. Pp. 
355, with 101 illustrations. Buenos Aires, 1938, Libreria y Editorial, ‘‘El 
Almeo.’’ 


This 355-page monograph, comprising twenty-eight chapters, is concerned primarily 
with the surgical aspects of carcinoma of the larynx. 

The first chapter consists of an interesting historical résumé of the surgical 
progress in the cure of laryngeal cancer. A succinct consideration of the frequency 
of these malignant tumors and their incidence according to sex and age as well as 
a discussion of the predisposing causes is presented. The pathologic anatomy, the 
classification of tumors into histologic groups, and the method of spread are dis- 
cussed in detail. The various procedures which may be employed for diagnostie pur- 
poses are satisfactorily considered. The author then presents the pathologic and 
clinical characteristics of the various types of tumors depending upon their location. 


A thorough discussion of the advantages and disadvantages and the indications 
and contraindications of the different types of operative procedures are given. The 
preoperative and postoperative treatment is considered as well as the complications 
and the plastic procedures which may be employed in the repair of defects follow- 
ing extensive resections. The author’s conclusions are summarized in French, Eng- 
lish, and German. 


The book is written in a clear, concise, and pleasant style and the author’s 
opinions are rationally expressed. The numerous illustrations are apt, instructive, 
and well reproduced. However, the inclusion of a bibliography undoubtedly would 
have enhanced the value of the monograph. 


Surgery of the Eye. By Meyer Wiener, M.D., and Bennett Y. Alvis, M.D. Cloth. 
Pp. 445, with 396 illustrations. Philadelphia, 1939, W. B. Saunders Company. 
$8.50. 


In the preface to this scholarly volume the authors state that they had two 
purposes in mind. The first was to supply a handy atlas that the practicing 
ophthalmologists and students of ophthalmology can quickly refer to for informa- 
tion on surgical correction of ocular defects and disease. The second was to 
illustrate clearly each detail of the operations selected, thereby correcting a fault 
found in many surgical texts, where too much is left to the description text. A 
careful study of the book impresses one with the fact that they have accomplished 
their purpose and produced a thoroughly practical book. 


The appreciation of the volume is greatly enhanced because it represents the 
summary of an extensive surgical experience of outstanding ophthalmologists 
and teachers. Those who have had the privilege of studying under the authors 
will more fully appreciate the book, because they are familiar with the fact 
that the authors are not only able teachers but are practical and original in their 
approach to surgical problems. In presenting the work, only methods have been 
selected for consideration which serve best the purpose in a given surgical condi- 
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Throughout 


tion, and which have proved of value in their personal experience. 
the text are many hitherto unpublished suggestions and methods. 

The task of classification and arrangement was solved by the authors with 
skill and judgment. 

The book is divided into eighteen chapters and consists of 445 pages, including 
the index, and 396 illustrations. The quality of the binding and print is excellent. 
The illustrations are well executed, being done by an artist-physician. 

The first five chapters deal with more general subjects, such as general con- 
siderations, pre- and postoperative care, and anesthesia. Chapters 6 to 13 deal 
with conditions related to the eyeball; whereas, Chapters 13 through 18 deal with 
conditions related to the lids, socket, conjunctiva, muscles, and lacrimal apparatus. 

In the first five chapters which comprise 50 pages, the subjects are covered 
briefly, but to the point. The chapter on the newer methods of local anesthesia 
is especially noteworthy. Great thoroughness marks Chapter 7 dealing with cataract 
surgery. It consists of 48 pages and is splendidly presented. Chapter 8 on glaucoma 
is also outstanding. 

Perhaps the most valuable contribution was made in Chapters 14 and 15 in dealing 
with the lids and socket, a very difficult field. The subject is clearly presented, the 
methods worthy of note. In Chapter 18 their discussion of the Wiener-Sauer 
technique for dacryocystorhinostomy is especially valuable. 

Although the book cannot be considered a complete presentation of surgical 
problems related to the eye, it is an excellent reference book and text of definite value 
to not only the beginners, but also the experienced in this very intricate branch of 
surgery. No ophthalmic surgeon can afford to be without this book. 


Sclerosing Therapy: The Treatment of Varicose Veins, Hemorrhoids, Hernia and 
Hydrocele by Injection. Edited by Frank C. Yeomans, M.D. Cloth. Pp. 337, 
with 185 illustrations. Baltimore, 1939, Williams and Wilkins Company. $6. 


The interest in sclerosing therapy has become so widespread that a review of 
the present-day knowledge of this subject is most welcome. 

Dr. A. F. Bratrud writes concerning the injection treatment of hernia. His 
broad experience and interest in this subject are well known. The reviews of the 
anatomy of hernias, the fitting of trusses, and technique of injection are excellent. 
However, the clinical results following injection therapy and the histopathology 
of such injections in animals would be more impressive if a longer period (five 
years) had elapsed before the results were studied. The chief objection against 
injection treatment of hernia according to some observers is the impression that 
the fibrous tissue tends to disappear and the hernia recurs after a number of years. 
An impartial investigation of these matters must be undertaken before the value 
of this form of therapy is firmly established. 

The treatment of hydrocele is reviewed by Dr. George Hoch. The technique of 
injection is clearly stated. Under differential diagnosis, spermatocele should be 
mentioned as a diagnostic possibility. 

The chapters on the sclerosing therapy of varicose veins and internal hemorrhoids 
by Dr. H. J. Shelley and Dr. Yeomans respectively are well done. 

This book is a practical and clear exposition of the present status of injection 
therapy. There are few books with better descriptions of technique. For all in- 
terested in the subject of sclerosing therapy, this book is strongly recommended. 
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